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CIIAITER VII 

mhtCUim AKD ATOMS, THE LAW® Of OAY-LU8JIAO AWD 

AWlOAIIMMWillAlOT 

llTPliCKiiw mmihlmm with oxygon in Urn proportion of two vohimut to 
Cin«» Thu otmtjnmiiion by volume of nitrous oxide In exactly Minskr— 
It ii of two volumes of nitrogen anti one volume of oxygen, 

lly <h'c*ompoe*ing ammonia hy tlw notion of an electric* sjutrk it in easy 
%i prove that it eontaism one volumii of nitrogen to throo volumes of 
hydrogen, fta similarly, it I* found, whenever m compound i« dnoom- 
$mx\ and tl*# voltum* of llte gamut proeeodlng from it am mixture d, 
tbit the volumes* tif tbo gmm or entering into comliination 

ere In a very miopia proftorifem to win another* With water, nltriitti 
oxide, An,, this may he pmvtxl hy direct obuermtion ; hut In the majority 
of <'mt% ftiscl especially with tm Winners which, although volatile that 
is, capable* of inciting Into a (or vaporous) state aro Itfpstd at 

4ttfi ordinary temjseraitire, mirh a direct mot hr 4 t*f oWorvatimt prownt* 
itriiany dilhruliii*, But, tlion, if the densities of the vnjtmirs am! gases 
•Iw known, the mum niitiplieity in tlwir ratio to allows* hy calculation. 
Tlio volume of a uutottitnra 1» pro{»of4ir»ital to St* weight, mid inversely 
|»rt»|»orfiinmI to hn density, ntttl therefore hy dividing the amount hy 
weight of each sutatanro entering into the composition of a cum pound 
hy its dfisiftity in the fir vnjmrtm§ state wo shall obtain factors 

which will \m In tlio sumo pix»{K*rtitm m the volumes of the sulwtanroa 
entering Into tlwi coni|i«*iiioii of the compound. 1 Hu, for example 

1 It III# km itutin*W»t lif I*, Um tij> i>, «m* 4 U»a vufain*i I?y V* itom 



arifctiv M i# a c»f*§W*»ttI ihyimwUftft m lli« t*l ttot l\ l\ m4 f II 0 

jbn III# weight «f i* mhm mmMwm «»f §» mkmmwm mtmmt tu lli» w^Iglil of ||» mmm 
wmmum ml wn!«#- if, Mia tin* i*»lrw*l I, Net# fi}, Um #ulife «»»•*«» ni 

mm |«rt bf mdgki et •*!«■? km m » mill ml I, Ifni, wlwtftvwr $& 

iw, It ii m il^Siiii wliti tli» *4 t«4ttitt«w Iwawuw oki«i»|nuiiU w muI noI 

of mm fulm In Ihlt m IhnmgttMt III* lsf«4i f tlw 

mdigfat P ii to to deuftoif wlA timiute wdftbtei mmi Ii mmymMm, ** to 
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wtor contains eight parts by weight of oxyjpii to mm pari by wwlifitt 
of hydrogen, and their densities aro Id ami 1, tlwNhr 

volumes (or th© abov<^ mentioned faotora) are I and §» and Uisvwfai* 
it is seen without direct sxporhasnt that watw rot* tains two ^% 4 rnmm 
of hydrogen for every one volute© of oxygen. 80 alaca It no wing (fail 
nifcHo oxide contains fourteen parti of nifropn and siaUwut parts mi 
oxygen, and knowing that the »|>wicfmviti## of those laet tw»» gasa* ««* 
fourteen and sixteen, %s find tint the volumes in which ftltf«i®t* *n*i 
oxygen combine for the formation of nitric mklm mm to fti# proportion 
of I t L Wt* will cite another ttxamplo. lit tit# last chap tor «# saw 
that the density of NO* only \mmmm constant and e*j«al to twenty* 
thro© (rofermi to hydrogen) above 1fi*V* f and * matter ®f fact a mm%lw$A 

of direct enervation of the volumetric mmimmiimm of till# »eb»t*n<* 
would be very difficult at so high a tampsraitiro Hut it may tm 
easily calculated. HO^asis seen from I to formula anil analysis* rtwiiaifts 
thirty-two parts by weight of oxygan to fnurto*ui past* by wsdglii mi 
nitrogen, forming forty-six parto by weight of NO f# and knowing the 
densities of theie gases wo find that one volume of nitrogen with two 
/volumes of oxygen gives two volumes of nitrogen psroxid*. Th#fwf«m% 
“•knowing the amount* by weight of the «u beta tiro* parto-* pat mg In a 
motion or forming a given substance, and knowing tt>» density of the 
pr vapour, 1 the vPlamstrio relations df the tubMancs* acting In a 


*he expression of ohemloeJi oompoeHum, ib#a the weight «f mm %««m 1* tafc«* ** ** 4 y. 
Xto dmnityct geeeaD,ie*to token m vetemwiwfet iti# Ar§ts% 4 tyitov**, **4 tit# 
Volomt V in meirioel units (sable *l Iw a msttor 4 ato to»# t*w 

°* volants, wad if it bs a mettoref tbwtttoel tmaSNsinatless^lIsM to, of rotator* Mwms 

—then the volume of an atom rtf hydfeget}* **» *4 w** put t*y wefabi *4 hying**, t*«*fc«* 
m unity, and *11 vdwnee art m^mmrnl, a* Hnsnn mm 

8 A* the volumetric roiatbme of vapour# »nd g«#«», t» th* vetsit # 1 # 4 #*»>♦«**, «h 

hy weight, form the mort important protiae* iif end » newt iMt**tofe» ******* 

for the attainment of efoaarieel ©cmdstlftfi*, and issssMira *4 tfc#*» MweroRiu# rola»* m 
are determined by the denaltiee of garo* and vepMif* th# *n*th>4* «f 4*iro* 

mining the dentitiei of vapmwifiuwl atot nf ere f*#i**t* m /to# ^ 

rowwroh. Theee method* wt drooritoa In detoll In *wto «* gAy*,# «*4 |-f t"** 
wd WMlytod cbsnMvy, tad tomtom w# h» mlf Um»k m tl» *«*«**! i, I## 4 
the «hj§^, * f 


11 we know the weight pend volume % t#f *4 * g%*m ^ 

at e tottpentoii»t ead pwwwr* It, then it» douaty may he dmwily t y 4*4 pg 

p by the weight dl a v of hydrogen (i the Amnity to «** #4^ to 

Sl^S^^". a ’ NoU ^ ) *‘*“ dlfc ' »••«*. 4 nv, 

wl ^ T™ " d . w * "? Uwd w lk# ‘J'rtwwlBrtw# t , . 

«o 4 n^ #nriW ta .v ?!! "“T U « oW eo »««ll« «« «M. » 4 ««■».<■ A. 4 - . » 

S?. T 4 . ” >ly ** wxwrlurtl ttol IU I.U4N. ♦««<!„ 

*? to ptwwta, » l«M. *.«1 • WMMI 

to hare a medium of absolutely eosstsat IWMgim, **j itor#f Ij 1^4 „ 4 * 
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reaction or entering into the competition of a compound, may be alto 
determined* 

tedium ftoototo, melting at + W^-or, m I* mow generally pmctlaw), to ptoo t)m toiimI 
oontidalflg the* aubaUujpo to \m mimlmmM with la th« v»ix»nv of * liquid boiling; at a 
definite temptrftttiw, unci knowing the prowmi muter which it to boiling, to (teUmi&a 
ttei tomperatnrti of the vapour. Pair ihit imrjamu tin* toiling pomtn of wttor at diftarwft 
pxftMttnMiurft giv« la {Jhfcptar I.»Note thft boiling polutMtrf cwtein titoiyprt»ourobb* 

Uqttldif at v&rtoutiimfmree %m fcivw* In Clmpte* It,Koto %l, ('&} With roajwik* torn jwm. 
taros utort &0CP (totew wlUdf* morrmrtol thwm«k#kr« tmy bo cvuveuiontly omplnytkl), 
they are meet *tmply obtained oofwteol {to «te« Itai© to tto wt%ht and vuiuum of m 
glibf teams buiog ob#©m*l In a {into uptm, and to allow that «pni*« to »tula tto mlm* 
I&tod toaperntor© t) bf mman of mbrnmum tolling at a high %^mpmn%wm, Thaa, lot 
instance, at the «d!»*y atmotphgito pmmum the bmq**r»tarf* i of the vapour of 
tt4pho» is about m*\ cl phoftphoMU* pmtoulphldo MW\ of tin chloride* ©ur, of cu\« 
arlttm 770^, erf «bo W' (Moordlng to Vtoll* and ottim}, m I04(T (ftaoofillng to Itevllk)* 
Aa {$) Thu Indioailonii of tbo hjiSxngNi thmtanmobw mint to ««t»htewrf an the mrmt 
oxaert (bat m hydrogen dlfftunwi through toeatwtoeemt pintlnnm, nitrogen in mmaliy 
employed}. (4) The temperature of the vapmurs ttaed aa tie* bath whouM m o\ory mm 
be tevsral ttagrow higher than the tolling point of the li<jut*t whom* <1* umty in to to 
dotonnitied, in order it»l t*« ahmthi wrnidn in a liquid But tmm in %hH 

mm> m i» mm from tb® example of aitrie peroxide (Chapter VU, the vapour itetwlty 
6m% not alwoya rtmte oernttant with « etongti of *?, m it should warn thu law of th* 
<rf pw#§ and ohoolotedir «w^t {Chapter I f^ Note ift), If of 

a etedetU n»*t irfiytimS nftten ilmUar ^ that whl«h w» mw to oitri® p**n»ifil# teho 
plhw It* tt» the mato l»tiv«ai in <MttewK 1m «mwfant domti&w, whteh do m% 

tm *, mA At poftorfrfo ifloot of < on tho dmaity mwt alwayt bn ktpl 

to mind to tywtoff mmwm to thk tMm* dt torttHgaftott. 0) tJmmlfa far the nahn el 
etsivwtto»w» «f otmorvddon, tho ’raiKmr dwwdty li doterminoe) at tho attnaa|4n>rto pfm* 
mm wtdtah It tmA m tho tmrn^mi tost to tha mm *rf whlrh aro vatotb 

tfiod with difftoulfy, end o!im» of antvskisMwe wbteh of, Ip gc*»« .r#U, at 

t#»|*mttMntft ttoof tholr tending gtiiiite, It l» boat or mm imll$imnmUm U> r, <n4mi thafl*4«r» 
«tefttfat* ttl low |«^«»% wlillit to antobMiowi whirl* Ammptmv, at V,w thh 

t&bmrm%hm hm^ to lio oofnlootetl %\m\m m mow or tow «»mito*bly i&mmuA ptwiiim 
(fl| In tmtof m*m it to oonvamlont bi dutermtoo tho vApwn d*m**ity»f m 

(rftalihp wit* o^m %*m** m& «w*awjim*Uy irn^tof tkn pwttel pnmwtv, wtstoh may tot 
ratontotod tom ttwt wrfttw^ irf tto prf*t«» iwt that of llio totarmixod gw (m* VMpm L, 
Kioto l|, Thto mothorf to ottsmdaBy imprittoat to mUAmwm wlrftto mm «to>w. 
pteM^to, to*»»i»o,iW*ftto*wn by tlia gtoomtittitnacrf rftoaoriatioii, a ontntontas *$ abtok? rom,uxi 
unohangwl In tho aktumphara of 4»na **f it# pw4tt»te of »tomn|*r»»Itton. Thn\ Wnrtn 
rfotonmuafl tlm rfarudfv *>f j4to«j4*orto 4ihl»»rnl*s POI^ In arlmiittHW milk tto of 

pttt«|diorati» irfdorhK 1*^1*. {1} U i*» wktefit, from tti# oKanipto of mtrw j^rototo, that 

a aiwnifo of pmmsmro may tto doimlly ami *i«l<too»>n*pr »itio» 9 i*nil th,v4 r* «vl 

nmilts turn *omit»ttmo4 obtrtlu»4 (If ilm ttetoty 1«4 varlfthtoj by raisinif i in4 1 .ttrun^ fc i 
but If tho *toi«ity fto* m*t vary mote# tb«»« vartahlo topdithma ( f 4 o.i, t** »» 
txtoritappvtwiiabl^ oi, potling tlio UmlNof on|<od«nontol a»ios i, ?ho» iht« ♦ cks f .wf «.h»n o?,y 
Wtotoa tho «id inoonobf** »toto of n nihstoKu, Ibn Uwnla rff^i hi I tousi 

idtor only b* «*nh ratamr *|«iibjIii«, Itut tlw* in»|»»iity of to totdo aubatou^ » rlt » atafi 
a ooftMitml tt«tstff at a oortam above tlioop to4Inig |» into ii|» t#i tbo #i#iii«s; |-^t % 

of 4(wam*|i*nifto‘n Tl*n», Ilia of va|«*ur dm-* »w4 m«f f #r # 

tlio orrflfpury tnii4|mmtiif*i m »4 tittM’ (tlwvro *» mi ln**»|w*#4hy ilwtor»too^l>*oi l»,y- mi 
thia) and hit varying fr»>m of ai* iilupt#|hwi ti|i k/ «, w/»nJ vf*»*»«► 

If* te»w«w, tliin drirttty vary rotiwtdionabiy w»eh m VAim*b4» 44 i>j rf 

tba tot n«ay aorvo w a gnhl*s for tlio Birtmti^atlan *4 tlw < bo«ik«*l rbnug#»# *4iii It «*#4 

t»f tto m h otato trf %np*ttr* *n nt loaat as »b toil 4*a s- if a 

duvtoitoti tom th« torra trf 1%1% Martotto, mA (to tito 
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rnm * n%m m rifEMtfrrft? 


Bach an in^llgnlion (nhh&r dttw % % ,*r ti|» *%h*nl^u/n fi**M 
lie* and! «K>tti|»otition) nf «»vf>ry ctwmunl n»?li#ii* iwwluttig in lt« tufpvk* 

with t), tn mtnfo t&m** tti** m*t ^ *#* I * I WWW , fp * * #** 4 ## n#*j fey 

explained h| hyptftlwM* 

With tmym&l Ip th** iu*»n# M f t « 4* * * * n i» * * <> * ,£ V * 

density, w«* »ft| ili»i4ftfaIA iltf«» «?!♦!*■# m*slu»t« mi t*y •*%#!%. 1-1 tjy» 

Wilglit Of % flft&lkitfi %rlia«# rf f»|* « * fh I jf * i 1 * ^ , 1 |i * * >« < t*» * ; -*% 

b| ti* vigtottr 4 ft irfltit#* 4 » §#t^t* 4 »§ 4, *a 4 Ml 1 1 sM* W« ^*41 *U»)» 



whopi vtw Await/ U t* to 4tto*m*4 1 * *S*>«4 m mv^t * 1 .,*» , *♦ / » ? 

5£® #«**ta**,*aAf«4Min« *ttor #* *45 iw # «***.**% * < * *<*.'#* *«» 

mJftfSLfe'i; *'* si ,u «*»#. * v*«'.. £ t -„ „,r. 

&? **? ***» ****** #***'« *’•*# ***.<* w „ if n % u. 

***» W«M lit - ^ 11 4 ' < 4 1 ^ 

carotronia i» mmMlj wilwft^nfr* a ktmm mm 9 M .« # 

«a vdw«tttmairI'f ill# **i«#»#t 4iw,^4 

w«W of|i|I* Hm imf*^4 |4#W* m 4 f k^^n%m% 1%^ # 

4» fittlltt&ry ^rtie*I gW « # r#*«'i ! I- it «» % % .» 

twpoMyt^b»tftd li»In Mm mS 4IU mMw* i,- t # » *&#,m,m 

ttpa ii late li TlMwm& k kmU4 h* * 1 1 *# # ife-* !♦ 4 . 

uw point of OAUtold! «WS, <S«^Sw M M« «if. ^ » ciu it« 

Whon Om nlfWirt v*(*,(,r«.**,«n«» ** n 4«*, «* i» n . .« 

•?* ***» ««*. ‘h» «««M *4 lfe» , »». <« »...,„ tf< »fcr ., * ... 

taW*nnto# (^*4, ii^t mmiUtt t4 lfm ^ J, ,. 

b > **•*«* •>-»> •«•'. v. 1 It« *.,!*»*. 

tiTSLLIT 4 * 5 ? i*******»««««« 

Ho^ ^3SLTJ^i5 ) " l <|* l,,, *^' (l Hf«*r U««W «,4 |»,» w « AM h. 
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tkm of definite chemical compounds, shows that the volumes of the react* 
iiig substances in a gaseous or vaporous state ar§ either equal or are in 



to, Jm 

VABottr iliiitltlfi, Tt# 

inlmm\ lute, mumt f®»§* 

U mlmmint «fi4 mh4«4jsi 1, 
{« filial with Mfiivut)? }nvr>ttnd 
|n a isji A twill# 

(str|=i' It‘1 In 11» natural *sO«- **»* th# 
|iS?| | , ntiUUiiliii a %%»t||ti«| i|t|»8»UI# 

pf tf«» St>|n|4 » I# 

f». t*i 4»t<isil!iif»M8t* U Ittlil 

|t«» y«*HU»m. 

|tf It« n^pmif at SMIrtl »Uj«1h 4, ftlfc, 
|« |i»4*o| itlfMWftl If# |||I% 

Pin! t»wl« Iff# Ifilrtml Hit* t« tiff 

t*t*n«r»lur» M* wt**«h ilMtvoluttMi 

pI tajmnr It 



ii. it —vmmt Arpnitniftr 
tifit'rirtt«J«i i *|*mr 4 «f»iiin, Tlti 
liitifl f> h In IT» m| *nr nf 

n It |is%4 nf « sfnf4»it n<4Un.| ^4ni, 
A *44** fn 1 *, rr«Ult4»tf H.u 11<4»|J*1 
In ||4 rt|fc|ll|V *j f r-| |n MHt\\ 

In f.4f fi < m it TH» *i» 4 41«f 

»*«t In »t#» **> Ilrt4rf «\ It* Hit 

IfPitlti/ 


ninl, if LUI *4 tin* litittM* totmto* whuti It**1*4 m » VArmttii) li intvo* 

iiiwk ini * » fif-vliwti**! * f to*U 4 ta #,1*1 mm ft Y**iitt>IIt*ni I'irfiiitii* t§ 

lit fm M» ntnl itw mmUt nt ¥* 4 mmw <*<mfrir 4 Ly the vuptttr n«l «4 wimp Ihs 
w^s.n^ Iif 44 i»in It U tmsrtWl It* ttw tlr^twl #. 

TIm* fat |#r»|i«*«wt l»y Vl**tur M«yw Is Immum! ftii III# fart tli*t§ 

mmm a It In » rwtiil 4 iit t#ttt|#»tiif 4 * #| Itm #f ft tajtfal <& 

cm 444 itt killliti rninih »!«• fat iitlmf m« mKhm^l in ifil« •pmr} l#ilfaw «4 to 
attain this aftA whta It hss so ft gfa#» ft 
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elmpl© multiple Hit* forme fIt# fir#t l4w # *®f *b* 41* ovi'vnt 

by Oay~Lu*mc. It euiy tm imwuhtml m Mb*** i V *n * ^nu * / w#V 
Mmm 0 entmmg into ehmtmti mmfkm cHtn/y omt*** mm%hw /'Aywof 
condition^ m m gumms «r tMa % mymd \*r mmph $m*iu$4$ 

mimfM$» Ttik law refer* not only to tm% *1«^ t** c*>*tij*«ti*4» 

entering late lotting chemieel eotnl4ft*tii»t* * tlm*, f*-*r one 

volume of ammonia g** cc»tiilitii» with ww vitlun** *4 t*y4r©gvn #hl«*Hf|A, 
Jor In the formation of ^l*aiinii*Mil»\ NiI«Cl» ther» ^nf«f lnl#» 

IT parti by weight ill ammonia* Nil* wlii«?li t* # 5 tl*nw than 
hydrogen* end SfbS part* by weight of hydrogen rt*l«r*4*s mhm» v*pa*r 
density k 1B*25 time* thut <4 hyd(*wnt, m» b%« * *>-“» | ***4 by dirndl 

experiment, liy dividing the weight* by th* r* *j ** * < • * mm 

find that the volumeof mmmmi «, Nll #l i« tf* t***» and *m 
volume of hydrogen ehloride, II«i«» the v-dwter* ► f ill nwh 

'which her© combine together an* «n|n%l t« imrli nth*? Teh fog Ini# 

eoatidtmMoa that the hw ©I Uey.LwMMie li#l*l« g*#*b »«% only im 
etemeata* but alee far mopnttiid% It AmM %m mm i 

Subiiamm internet »M ##»ff myt^hmr tt» s^ 4 t#«w# <fi 4 ,## 

vapimm} 


ttef d to tottoc* to bm miwtmmte4 wilt* t» l«i* to * J* * itoto# 

it immetotety ewmte& Into mprvtty, m*i to m* ftjl^'tJiWI - fU' A 

Tb* ittooat ol to dr to mtailiirf teaw iu w $«^ 4 «n 4 kmm ♦#»• #i i m 4 

ttewtore ibe the votMM eenifM % tlw «%|#^** i# I mmt ttw **^i 

d tht epp«ete»bg^«nie %. te. 


8 in tbm mm *»i*)m* e> %km 

wm Itwt, wliioh hmmrn, ieJ| lit# t 

d to kwtwhtehwm peedif W II §• %*• utt* t»¥i»| 4r 41 

lv P^d^ot pwwi ddi (lif ivewMI ftrmm to l^nfcl ntutw l ^ It 

wMoh to vapour immUp k m, to t4«i» ,# * m 

wiM l!k« & votaiw ol h| 4 M(M, <U>. or oAmt •*•, »Wik Hot fumnowi <m «4 ina)^<nrtn«> 

It!, OMMMIT to «**• Mnwl IS ■•»(•« Om it *» <tol) «x m i>, 

taw. ol g*MOM votaao^ w»«tah w« ntwOt temtat pmmlir, mm to «k* mo«i »*« - »t* 
ootmootion with the taw* oljtte wwWUi«i «( whmMiwM |«mmm 
A nd HtbM tatter tawe (ChesterH) «n> onl!i»l*KiU», t«rt **•» «U 

•me,ttodwe, ^pltaeto Hi*taws»b*»ik,fc* tf**^*A tm 4 m nm t ,nmtUK-* A 
“O"***^,'*** (* **#o»dew*Md»»M«>») tarihe niw», 4 » •«*, |> «M f iM mmttobte* 
twmtto ill* *t* «|m 

mA the d *n*$ x*h>m #* *1* ^ p «* 1 ^ 

tppliottticmd Ow^ ii w«i u mftrnm% to tot in# im* i, 4 

j^fSTta,^ QX 5 * yt i ^ to nitttKMt# 

StM*? ^■•* m**+* mm* mtrnm Urn -wW, 

^-?y?^ * h * i >* wd tB Q>> * 04 % •Im.m.mJ *m*m‘ 

**’*? *f* .to» ** w tM» P"*W 0 , Mw frtew Wt» r»^« 

end thftt, ttMMkn. Ufa, aJT?' ^.* g l ? to K **** * •**« 

mne^SiT^^ *** *»»***» fee UmA tee tta 
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The kw of combining volumes and the Saw of multiple proportion 
were discovered independently of each other—the one in Franco by 
Gay-Lussac, the other in England by Dalton—almost simultaneously* 
In the language of the atomic hypothesis it may bo said that atomic 
quantities of element® occupy equal or multiple volume®. 

The first law of Gay-Lussac espresso® the relation between the 
volume® of the component part® of a compound. Let us now consider 
the relation existing between the volumes of the component parts and 
of the compounds which proceed from them. This may sometimes bo 
determined by direct observation. Thus the volume occupied by water, 
formed by two volumes of hydrogen and one volume of oxygen, may be 
determined* by the aid of the apparatus shown in fig. 56. The long 
glass tube is dosed at the top and open at the bottom, which is 
immersed in a cylinder containing mercury. The closed end is 
famished with wire® like a eudiometer. The tube Is filled with 
mercury, and then a certain volume of detonating gas is introduced. 
This gas is obtained from the decomposition of water, and therefore in 
evtxy three volumes contains two volume® of hydrogen undone volume 
of oxygen. The tube is surrounded by a second and wider glass tube,; 
and the vapour of a substance bdling above 160*— that is, whose boiling 
point is higher than that of water—is passed through the annular space! 
between them. Amyl alcohol, whose boiling point is 132®, may bd 
taken for this purpose. The amyl alcohol Is boiled in the vessel to the* 
right hand and it® vapour passed between the walls of the two tubes* 
la the case of amyl alcohol the outer glass tube should be connected with 
a condenser to prevent the escape into the air of the unpleasant smelling 
vapour. The detonating gas is thus heated up to a temperature ofi 
131* When its volume becomes constant it is measured, the height of 
the column of mercury in the tube above the level of the mercury ha the 
cylinder tolug noted. Lot this volume equal c ; it will therefore con¬ 
tain | v of oxygen amt § v of hydrogen. The current of vapour Is then 
stopi**!, and the gas exploded ; water li formed, which condenses Into 
a liquid. The volume occupied by the vapour of the water formed hast 
now to be 4ttwrmii«ri, For this purpose the vapour of the amyl nlooholi 
is again isuwed between the tubes, and thus the whole of the water! 
formed I* converted Into vapour at the same temimraturo as that at| 
which the detonating gas was measured , and the cylinder of mercury 1 
being raised until the column of mercury in the tube stands at thosamq 
height above the inrfw© of the mercury in the cylinder m it did before 
the explosion, It is found that the volume of the water formed is equal! 
to | e—that is, it is equal to the volume of the hydrogen contained 
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In It, Consequently the volumetric composition of water is expressed 
in the following terms : Two volumes of hydrogen combine with 
one volume of oxygen to form two volumes of aqueous vapour. For 
substances which are gaseous at the ordinary temperature, this direct 
method of observation is sometimes very easily conducted } for 
instance, with ammonia, nitric and nitrous oxides. Thus to determine 
the composition by volume of nitrous oxide, the above-described 
apparatus may be employed. Nitrous oxide is introduced into the 
tube, and after measuring its volume electric sparks are passed 
through the gas ; it is' then found that two volumes of nitrous oxide 
have given three volumes of gases—namely, two volumes of nitrogen 
and one volume of oxygen. Consequently the composition of nitrous 
oxide is similar to that of water ; two volumes of nitrogen and one 
volume of oxygen give two volumes of nitrous oxide. By decomposing 
ammonia it is found to be composed in such a manner that two volumes 
give one volume of nitrogen and three volumes of hydrogen ; also two 
volumes of nitric oxide are formed by the union of one volume of oxygen 
with one volume of nitrogen. The same relations may be proved by 
calculation from the vapour densities, as was described above. 

Comparisons of various results made by the aid of direct observa¬ 
tions or calculation, an example of which has just been cited, led Gay- 
Lussac to the conclusion that the volume of a compound in a gaseous or 
vaporous state is always in simple multiple proportion to the volume 
of each of the component parts of which it is formed (and consequently 
to the sum of the volumes of the elements of “which it is formed). This 
is the second law of Gay-Lussac ; it extends the simplicity of the 
volumetric relations to compounds, and is of the same nature as 
that presented by the elements entering into mutual combination. 
Hence not only the substances forming a given compound, but also 
the substances formed, exhibit a simple relation of volume when 
measured as vapour or gas. 8 

When a compound is formed*from two Cr more components, there 
may or may not be a contraction ; the volume of the reacting substances 
is in this case either equal to or greater than the volume of the resultant 

8 This second law of volumes may be considered as a consequence of the first law, 
The first law requires simple ratios between the volumes of the combining substances 4 
and B. A substance AB is produced by their combination. It may, according to the 
law of multiple proportion, combine, not only with substances 0, D, &o., but also with 4 
and with B. In this new combination the volume of AB, combining with the volume of 
A , should be in simple multiple proportion with the volume of A ; hence the volume of 
•the compound AB is in simple proportion to the volume of its component parts. Thera, 
fore only one law of volumes need be accepted. "We shall afterwards sea that there is a 
•third law of volumes embracing also the two fir$ laws. 
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not destroyed, or is only altered to a slight extent; hence, notwith¬ 
standing the contraction (compression) involved in its formation, 
nitrons oxide supports combustion. 

The preceding laws were deduced froiri purely experimental and 
empirical data and as such evoke further consequences, as the law of 
multiple proportions gave rise to the atomic theory and the law of 
equivalents (Chapter IY.) In view of the atomic conception of the 
constitution of substances, the question naturally arises as to what, 
then, are the relative volumes proper to those physically indivisible 
molecules which chemically react on each other and consist of the 
atoms of elements. The simplest possible hypothesis in this respect* 
would be that the volumes of the molecules of substances are equ^t; or, 
what is the same thing, to suppose that equal volumes of vapours and 
gases contain an equal number of molecules. This proposition was 
first enunciated by the Italian savant Avogadro in 1810. It was 
also admitted by the French physico-mathematician Anvp&re (1815) 
for the sake of simplifying all kinds of physico-mathematical concep¬ 
tions respecting gases. But Avogadro and Ampere’s propositions were 
not generally received in science until Gerhardt in the forties bad, 
applied them to the generalisation of chemical reactions, and had 
demonstrated, by aid of a series of phenomena, that' the reactions of 
substances actually take place with the greatest simplicity, and more 
especially that such reactions take place between those quantities of 
substances which occupy equal volumes, and until he had stated the 
hypothesis in an exact manner and deduced the consequences that 
necessarily follow from it. Following Gerhardt, Clausius, in the fifties, 
placed this hypothesis of the equality of the number of molecules in 
equal volumes of gases and vapours on the basis of the kinetic theory 
erf gases. At the present day the hypothesis of Avogadro and Gerhardt 
lies at the basis of contemporary physical, mechanical, and chemical 
conceptions \ the consequences arising from it have often been subject 
to doubt, but in the end have been verified by the most diverse methods ; 
and now, when all efforts to’refute those consequences have proved 
fruitless, the hypothesis must be considered as Verified, 6 and the law 
Avogadro-Gerhardt must be spoken of as fundamental, and as of great; 
importance for the comprehension of the phenomena of nature; The 

0 It must not be forgotten that Hewton's law of gravity was ‘first a hypothesis,' bat it 
became a trustworthy, perfect , theory, and acquired the qualities of a fundamental law 
owing to the concord between its dedobtions end actual facts. All" laws, all theories, o$ 
natural phenomena, are at first hypotheses. Some am rapidly established bytheix cona©^ 
quenees exactly agreeing with facts; others only take root by slow degrees^ and tberri 
are many which are destkkediohu refuted owing to their consequences being found tdj 
be at variance with facta* 



law may now be foRnalatod from tw» puitiia *4 vi»« it** h** 4 r«t | U 
from * pbjsloal aapaet: *jfuol wfo wm **/ put** (or % *j«.A*r») *i 

peraturo* so cl pmattroe coato*** i&# mam fii#«il^r #»** 4 «?**»•£*.# of 
particle* of matter which aro ncrftber mtKhaidkaJix |d*> sic# 
divWblt—prttiow to ehomtoal dmnjp'* Isi I j k f * i 

chemical •upot, the tame law may f» i*x|*fw«a«*l %hm tS* 

#t*6itevto*t #ft##»t»tf ini# aAmtad rt#eliVt# «*wi»/y, *»♦ <i tivi.f# ./ 

*g**al edwn**, For «r fmrpfme Hi© chemical as»}*ivi to t!*** nv-^i i 
porting and therefore, before da^ioping ill® law ami it# »*>nwr*j 
w# wlU oonddir the chemical pltiwaw* from wtttoli tl*«* Uw i,t d**lov- 
or which it mrm to ©xpkiis* 

When two tookted aubitatieee interact with «•*!» ©tW 4irwil| % 
eedly--^far inrianoet an al)u& mi an uch!—th«n it to M* tvl ii»*t i 


reaction U-aooomplkhed tetwteo quantittai whirl* ti» * jpumwe ;*■* 
oooopy equal volume*. thm mmmi% Nli M t«i i« *hr*«t>j *$ 
hydrochloric acid* Ud, forming *1 ^Uttmaftl*©, NIt # Cb ami in it 
oft*© the IT parti by weight of ammonia occupy th* * ,>i 

m the S6*5 parti by witjjtit of hydrahforie mU>* Kitty kt. 
0 t H 4 » combines with chlorine, Ot«» in only »»• proparttai^ immm 
ethylene dlohioride, OglJ^Ol*, and tlili n’i«iil#in#y vn |#<*«vk -I** * 
#ad with great fauility, the reeding «|«»ntiU**» *»«: u^ying r^u 
volume*. Chlorine react* with bydrngm III only mi# |i.pi|Mifl«,* 
tefUdag fcy#odileite add, HQ| and In thin t*#*# w|u*l v*4«mt«« 4 
twaetwfft mch other. Ilao equality of velum** to »t#®t*«4 in *•** 
of eomfehnatlett, It should bo even mom *er*nmi*r««l 

oaaoaofdeoompodtion,taking jdaon In atilwtaniw* wH*h #§ M ^ in 
twoothwa Indeed, acetic aoid bnmlra op M#» um^t $*% r|f i# 
o&rbo^c anhydride* OO t> mi la tha pro|«rtk*iii In wto^li tl^y % 
fomed from acetic add dby aoeajiy mtoai tnluttim Ak* Vr« 
phthalk add, 0 |H s O| f than my b© obtalndi ^ 14 , € f II*i 

and oarbonio anhydride, TO fc and m all tha dmnmm of ptahalto #r 
entw iato the oompodti(m d( tboae lobitan^ ltf4li»* tiim, 


A dum eekaUlaoMi, l»%ii 

Z$, E®“ S2? ^ 0* ttw «MM it .**/ U * « » f . 

the *«a»*^^SSySSu«4al^ta BZ, m,>A *'7' ' V’ *’ r ' *' "* ‘‘ 

mercnwrlw nrt«fintarrinHirnttf * 11 rm **o h)f vr.fin„, t ».,i) » 
easily bedmm fi>,(, »v , preeeeie eheii f^iael it^ j 

fedwh^XTeTtuSS^ „« .. ,* 






IfOLKOtILES AND ATOMS 


811 


thoy mmwl ro-fonn 14 by ttioir &lmc% notion on mob othor (the reaction 
is not rovemihle), still tkiy form tho direct protnoto of its decomposition, 
and they occupy equal vcdumtm But bunsolo <tdkl, 0 f 11^0 tl l« Itself 
«»!i|nifi«i of owl iwlnmlti ftnhydrklo, CX) t , which also 

occupy eijmd vnlntmm, 8 Tlwre l» m% Itmxmwm tmmb&t of simitar 
ommp!o*t among tltoon «ir§fi«ikt *tilj*tftittn»ii to whoso study Osrliardt 
cwMmtrn.UHl hi* whole llf«% and work, find bo did not allow such facto m 
ttmm to i* 3 «ifwi hk attention. Bill mow frequently in tlio jdumormwft 
of »nl ^ tint icifi* wtan two mbtftmmm read rat aw mother, uxd two mm 
pmtticwl without a etaivge of valiums It k found that tho two sub- 
•tmiwt noting at anuh other acoupy equal ’wkawm m w«U m each <A 
the two remiHunt mlxtmwm* Thou, In gcmsrtd, reactions of sabstl* 
itfilctii talco pkeo tmtwoen vokiik nckls, IIX, and voktik alcohols, 
Il(Otl), with tta formation of ethereal salts, ItX, nod water, U(<>lt)» 
and the volume of the mj»our of the mating qumititkn, IIX, lt(OUh 
wifi IIX, in the mutm m that of water 11(011), whom! weight, ©orre- 
ijnmdmg with the formula, 18, mmykm % volatin^, If I part by weight 
of hydregra* oomtpy I vohutie mut th* dsnaity of aqueous vapour 
referred to It t, Such gmmrel of whkb thorn are 

many,* Aow that the mwUtm of equal volumes forms ft uhemkal 
jpkmummum of frequent occurrence, indicating the naoSsslfcy lor 
acknowledging the kw til Avogadn»»OfirbiMrdt* 

But ilm question lurkes, What 1* iliii relation cjf volumes If ih«t 
reactim*©! two autatanrewtakreptantiu more than one jtroportkm, aotjtml- 
ittg m tliti kw of multiple pw*|»ortIttit« I A dtditiito answttr oan i»l| W 
glf^n In xmmm wliliiti Imvo \mm wiry iktrouflily Ktutltai. Tbti« cW«ltt% 
in mMn$ m umr$% p% il%» forms fair oomptmuik, 01I|C1, 0II t Ci p 
ill 101*, and cai #l mid il may it© by iM»et that 

tlio I’lliOl (mnlliyUa ©Wrarkk) pmmdm tbo rnmainckr, and 

tlmf the Initer pn«wl from il by ilin fttrUmr soikci totoSdoriftft And 

thk itd»ii«w*i% ('11*01, i» by ilwi roftotion of «§wJI volttnm of 

• tM *t* Him liy ttfttiVMi, i l n«i til ^a» «l twttimto »r»itl Oi*f» wp» 

|ii| 1*1 el bmwHvt* tfcpp 4«s«!ty rafi»md I** « Wtf* hniw ttm 

twilit#* *** U 4 ##»4 |l| H tUMMi d«t«i*f *- MS, md 

fymwm Hi» ftAmm -* % tl U Urn mum It* t4\m 

* A tMf» tratit lw t f«4i ||s5:y»iml!fs«4 ijliKiwIWfi' tijf 

omfMf l« mm *4 IN Unworn mmi^ i»f ttw#» ««»* 

fiJbwfc, TW «4 t«* msfok wr wiiiyi#§4*i* m 

^lii# |# mm **f tmv&mt mimmt mtmtMvmm* \mmm4 Iml hm mdx 

hmmm mm%f *4 itupw im> m& *%MiU n»4 IM* famkUw «#* 

mkmmm Ilnl lit# poiw fa mm In l&mm mm# A#; f«r 

mmM, ll*i<i ## iif Ini# «mby 4 H 4 «i and iwftftwr*li#\ Mddab sft 

<il mSmmb tm% m ub# m^4lm llif« tMAmtotMdHa Iti $&m 

vtdwwHii 

miwd I# if, fcivm mftf mUmmiK (NiyiMX%. 



812 


or 


marsh ga*t Cl!*, ««I rM^nr.n t'J P * * oU 4 * -J 'U t t * '|j 

* OlIjCl 4 - UCI. A gr*at t*«ti»Ur c,f *'*.a*v* *r« «u«* %|* 4 j 

amongst ot^nie^thal ia <■■• ^rii|*nn>4i i * ' * '* * 5«J i«i 

th<* discover? <*f ill# Uw hf $mmMlg%lmg »***■" b * fu | 

bji obtcrving that Is them th* \ * f ’. f* |j* *%v* 

all others. 

But If nitrogen w hydrin *;**«» «**r*«j »o,li ***%^s>, 

th* question propossri afc»*« »niioi i» * v * l - ,■ -’-‘.v «** 

ntss, bsoatts* lb# aacwnisin* fc!m*ia*n« <*f ft,® c!i!|«f®n! ,4i?i 

cannot bo so strictly «Mii«i It *>• b* 5 » nci»Jw> f 

definitely affirmed »«r #i|«*ri»#fil#!lf w^fjniw«l 4 itmi mti-gm a,?i4 

oxygen ir*t give nitric oxhtf*, $*•*, *t*l «i»t| #%*W*|tmaa; 11,® i>r<«*n 
vapours N t O| awl NC> t , #ti#h n wpq 4 «t v in i!i© 1*1 if** 

gen with oxygen can only h® rotf***! m ih* i«m« *4 i)*« ** 1 n%% k« 
forms N*0$and H0 f dimity*ith*««jrgr?k II o I® a4i f \u 

(and not N |0 #f N 0 |) ha tint fam**!, %h*n lint % n! I »?*«» 

confirm the Jaw of A*®§^m4fofU*t4t 4 !«***«■ #4*1* **U * m#,**# 

aqrnl vofamssof ttltp^n and oaygvfi f^H #**\ 11 amy b» ^Ii4»il l»t| 

that* in the combination of hydrogen with aaygaa, hydf*«g««t gwmttda 
is first formed (equal voSuitm of hydrogen *a<l oxygen^ whuh *» de¬ 
composed by the heasetatv*xl ink* »tf*r and * « <g<n* If,*# c»^ ;*♦»,* 

tib pmstmeol traces of hydrogen faroanlA *r*U|te§> H f m m 
tD «»i» of iht m mM&Um 

It o#.naot bo »appnwl tlmt <w»t«r !• fin .1 f ? l-f I |«*l | J if 4' » |||© 
oxide of hydrogen, Ixweewft »(* tw «.** *m<», * !»*.!,, <» },*» s . < > nn 
obtemd, whltat Om ftirmetloft of !!,0 U^., H,m, j» „, l; rj(t » „ 
iwodooed. 14 

Tbo» t whole awtoe of fiheitaiiwiui nhtnr ih«i itw «*fn«n $* %l if 

of substwioe* actually talnw M » n>K Mw«w «|«*1 ruloi»r«. 
but thi* doe* not preclude the puetibtitty of ti»« ftre^w.t M ,t: ,( lt ,. 


* ®u»oW»10Bel** I huwtle^tMd atmmOm ftW'l 4 ?£. s <m #4< »* ^ f>«# 

Van?. ^ ? ..fe*?* 1 ,!*»»?«*» end «f «*• ♦■WWW,, .t •«*« 1 >W 

M ik# **%!*!** *4 «l *» r „4» 

S*^ 2 rML? t 1,.. ; , - , 

mm in «* ^e*’**. Mv * u hii if 4-*- 1 WiMb&rwm I ^ '•#♦#*/ l« » ^ | 

Mjbit *** H 4/., ii» 

^agsM^.sarcESs^: 



MOLECULES AND ATOMS 819 

«qtml volumes, although, in this case, it is often possible to discover a 
preceding reaction between equal volumes. 11 

The law of Avogadro-Cterhardt may also bpjeasily expressed in an 
elgebraioal form. If the weight of a molecule, or of that quantity of a 
substance which enters into chemical reaction and occupies in a state 

n The possibility of reactions between unequal volumes, notwithstanding the general 
pplication of the law of Avogadro-G-erhardt, may, in addition to what has been said 
abo depend on the fact that the participating substances, at the moment of reaction, 
undergo a preliminary modification, decomposition, isomeric (poiymerio) transformation, 
&c. Thus, if N0 3 seems to proceed from jtf 63 is formed£ro£n Qg, and the converse, 

then it cannot be denied that the production of molecules containing only one atom is 
also possible—for instance, of oxygen—as also of higher poiymerio forms—as the 
molecule N from N 2 , ox Hg from H 2 , In this manner it is obviously possible, by means 
of a series of hypotheses, to explain the case's of the formation of ammonia, NBg, from 
B vola. of hydrogen and 1 vol. of -.nitrogen. But it must be observed that perhaps our 
information in similar instances is, as yet, far from being complete. If hydrazine 
os diamide N 3 H 4 (Chapter VI. Note 20 bb ) is formed and the imide N 3 H 2 in which 2 vola 
of hydrogen are combined with 2 vols. of nitrogen, then the reaction here perhaps first 
takes place between equal volumes. If it be shown that diaznide gives nitrogen and 
ammonia ( 8 N^ 4 «N 2 + 4 NH 3 ) under the action of sparks, heat, or the silent discharge* 
&o., then it will be possible to admit that it is formed before ammonia. And perhaps; 
the still less stable imide NsA, which may also decompose with the formation o£ 
ammonia, is produced before the amide N^H*. 

I mention this to show that the fact of apparent exceptions existing to the law of 
reactions between equal volumes does not prove the impossibility of their being included 
under the law on further study of the-subject. Handing put forward a certain law ox hypo¬ 
thesis, consequences must be deduced from it, and if by their means dearness and con- 
eistenoy are attained—and especially, if by their means that which could not otherwise be 
known can be predicted—then the consequences verify the hypothesis. This was the case 
trith the law now under discussion. The mere simplicity of the deduction of the weights, 
proper to the atoms of the elements, or the mere fact that having admitted the law it 
follows (as will afterwards be shown) that the viva of the* molecules of all gases iei 
a constant quantity, is quite sufficient reason for retaining the hypothesis, if not for 
believing in it as a fact beyond doubt. And snoh. is the whole doctrine of atoms. And 
since by the acceptance of the law it became possible to foretell even the properties and 
atomio weights of elements which had not yet been discovered, and these predictions 
afterwards proved to be in agreement with the aotual facts, it is evident that the law of. 
Avogadro-O-erhordt penetrates deeply into the nature of the chemical relation of sub¬ 
stances. This being granted, it is possible at the- present time to exhibit and deduce the; 
^nith under consideration in many ways, and in every case, like all that is highest in. 
science (for example, the laws of the mdestructibility of matter, of the conservation of 
energy, of gravity, &o.), it proves to be not an empirical conclusion from direct observation 
Odd experiment, not a direct result of analysis, out a creation, or instinctive penetration, 
of the inquiring mind, guided and directed, by experiment- and observation—a synthesis 
of which the exact sciences are capable equally with_ the .highest forms of art Without 1 
such a synthetical process of reasoning, science would only he A mass of disconnected 
results ol arduous labour, and would not be distinguished by that vitality with which 
it is realiy endowed when once it succeeds in attaining a synthesis, or concordance of 
outward form with the inner nature of things, without losing eight of* the diversities 
of individual parts; in short, when it discovers by means of outward phenomena, whiebj 
ore apparent to the sense of touch, to observation, and to the oommob xmhd, the internal 
signification of things*—discovering simplicity in complexity and uniformity in diversity .j 
And this is the highest problem of science. 
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of vapour, ticrcmitng t»* fit** !av, .1 im'K* 1 *> *■ J 1 in a * * H ;» > 

niolmilrii iif 4*tli*T !*•<!*< •*, l>»* if * 4 I y f!^ 1**4 * • M } , *4 # . 

or, in grhrrnl, M, mw! il Iti* J* t * * > * M ( » I 1 ,* ... 4, K 

itftllil for tftr tlriifit)* or m j f i^fi» *1 4 on *» n v.lt'i * I p * : ' ’ *i 

viipwirs i)i lltct rum*.| umimg ? vsl A t *« *• a 11* 4 i ** * 1 ■ > ? J » * 
ditiuna of tolii|«ri4lnro ,m<\ j » *. * r* * fV n l V ! o.' v < m- * 4 ■' 


M. 

t*» 


M, 

I»i 


M 

i» 


1 4 


whir® 0 is 14 rrrt-iiln *vn»«f 4«t» Ttir# * j* ;< ’* r 1 ' j Ls 1 ’ > # ‘ * *' * 

voliiittm ^ifli ftio If, M, *4, I 

to ft Cirliiiii ri*ii?4ii|}f 4 lb* Ur.. ,1 p , *< . ? J 1 * 


anti mvmvly pmpnrfnmid t#» *b»* «Ir^, *> i«% », ,, ^ ; 1 *> 

naturaHy vuiulU kmi il by iiinl 0«*j n*.4« -.1 ni it, ♦, f t ' '* 
«JtWftbt4 Of tllO Wright* «4 tk * **.( *' 4 ** ' * * * 

Wflghl M & inolwilr {tcfftlili l« tll« 14 $ 11 * * t f 1 "* ^ o ( *' '/«4 'I 

the #l©»rnfi forming If) h usually * 4jr<v.. 1 f *1 i .*.0 ,; ^ * *, 

of in ate?« of hytlrtyta m ttmty, mi 4 hph ,/<** »» * * *‘ ^ * >* 

A8 111® Wilt for tho Vlkjiff f >i«f4 «4 f hr tfrtr.4 <* * * 1 * \ «■***'*' v 4 r 9 

it fi chmiuro only tm*rvi&ry f 4 fii^l tl^r ji vi •> *4^ t M * * r .* 

for any oito oom|ionn4 t m it will W thr | r 4 ^i << rs J#* a 

tifci* wttn?* Iti imrilng ii .4; # %,> s f 

«#tiftl|) ^ §m formtik m m*hmh H/i, f»»r \ M 1 ^ If !, 
m m hum tnm\ tf» «l %.4%, . | 

ion»Ity, ot D| ^niparotl t#» Ii|«lr4>^in ** !i # mt \ * ^ t 1 »'.^r 

0 «J|andtiimforo«al in grurml fwr tin is. . %J<> *> t i* * # 


Oonooqoently tlm w#l|lit©f % moWule k <*|u*) t*» twk» iu 

dimity oxpmsod in rtlaiioii to bytlmgrn, und ils*®r®c|y 

0 poi n $^ti6t! to Aft|/ il# »i#Itciil«r mmigki r^*frW l« 

tflltll of this may te If#f 4 fam i te’ry Ur^ i%%m% f*f 

obMtfiA vapokirby copiprliif U»«m witfi ili*i mmmlu mhui »«4 

Aiiilltf^rifioi!, w«t »||ioiii!©ill|imi •ttuuii.tin, 
ttai of tbo mAmnh or i§««tf!if 0 # ifi© rr^riif^g tuti 

lta.no®> at well «• tte OMpoaMloo anti wtigbt wtoipmtitn^ wiili il» 
ftwnoliiIItmpromdbyfignrtaIt ^ S Pa l? t CVfs^i *44.1 *.r It .4 || 

«oc»dlnj| to the Ww, I» m « S, Amt thie r»*uU >» *>#■' . I 

hyexpwtowttt. fh*4mtty,woittii!gtotw4hf«r»»l#«»»»l»*},*»>»«■,»» 

« Bl * w, * fl ***»> *A*|W, of nitrio w^t i&, «mi «f |<ii >. t' ‘j $ 
In the tow of nttroas whydrlde, H>0* mt • autt*t«AM «hi«h 4 *«**I*m 
I nto NO + NOfc the faulty iMd v«ry Utwerit W h.< g ** the 
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N s O s remains unchanged) and li (when NO 4* NO* b obtained). 
There apt no figures of constant density for H t Ot» NII0 3l N*0 4 , and 
many similar compounds which are either wholly or partially decora- 
posed in passing Into vapour Salt* and similar substanoea either havgi 
no vajxmr (tensity Immune they do not puna into vapour (lor lnstanoo* 
potassium nitrate* KNO*) without decomposition, or, if they past 
Into vapour without decomposing, their vapour density is observed 
with difficulty only at very high temperatures. Tim practical do«, 
termination of the vapour density at those high temperatures (fo& 
example, for sodium chloride, ferrous chloride, stannous chloride, do.) 
requires special method# which have been worked out by Sainto-Olaire 
DeviUo, Crafts, Nllson and Fettersson, Meyer, Scott, and others 
Having overcome the diffioulties of experiment, it is found that the 
l§w of Avogadm-Oerhardt holds good for such wits m potassium 
iodide, beryllium chloride, aluminium chloride, ferrous chloride, do.**** 
that Is, the density obtained by experiment prove* to be equal to half 
the molecular weight—naturally within the limits of experimental 
error or of possible deviation from the law, 

Osrhardt dedueed bis law from a great number of example* Of 
volatile eafbon compounds. We shall become acquainted with certain of 
ttmt» In the following chapters ; their entire study, from the complexity 
of the subject, and from long-established custom, forms the subject 
of a Hpecial branch of chemistry termed ‘ organic 1 chemistry* With all 
thbso substance* the obserml and calculated densities are very similar* 
Wii m the consequences of a law are verified by a groat number of 
observations, It should be considered as Confirmed by experiment. But 
lids does not, exclude the possibility of mpparmt deviations. They may 

M 

evidently fm of two kinds i the fraction ^ may be found to be either 

greater or him than *2—that is, tho calculated density may be either 
gr*mtm* «*r than the <»bwrml density, When the different between 

tin,! fcntiiltrs uf uMpurhinint unci calculation falls within tho possible errors 
of experiment (for example, equal to hundredths of the density), Of 
within a juMmihlo error owing to tho laws of gases having hi only 

approximate application (a* U seen from tho deviations, for Instancy 

M 

from flic law uf Il*#yk and Msriotte), then the fraction jj proves but 

•lightly ddfWenl ft**m I (Iwtwefm 1*9 and 2*2), and such cast* 
as tlmtiij may bn classed uniting thus* which ought to be expected 
from tho nature «f the subject. It l§ a different matter if the quotient 

of || be several Mid in general * multiple, pmtet <>r less than S* 
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The application of t!i© !»* mmi than t» »xj>Um«»l -r 1% mmt U 

laid Mid#, became the law* til nature admit *4 tm turn* \V*i wilt 

therefore take two «uch c mm $ »n<l Irtl o»ve t?» which tb<» */'««’< »*f*j 

i$grmkr than *J, vr tk tltwtfy >1 Jy /*« fJWi 

4n mnmimtw with th$ km* 

It aunt lie admitted, in a *4 th* ?,•>* , f A*. ,;vbu 

Gerhard t, thatthere li ad«w**mjw*iii«fi in th«w» <•»**■* * her® th* %* hi*#*** 
of the vapour otwHwponding with the w*%h! %A th« *m *4 * 
substance entering Into reaction it greater than tho *'4 urn® *4 t»<> 
( parts by weight of hydrogen, 8 ti|>pu«* the 4ciw.ii) <4 il»« % of 
•water to be determined at a feiiipcraitire at*#** that *t »iu4i *i fa 
.deoomponed, then, if not *11# at my rat### Urgr prof* *•.■■» of Oh- **"■%!**# 
! will bo decomposed into hydrogen md eaygen Tii« 4^i%my %>t It .* 
mixture of gases, or of detenu* ion *:*** »*4 I *•* 3™ b»v, 0 ,*t t s u% 
vapour j it will be equal to I# (t*»ii*p 4 r™l *»*h l#t b #> t •• mm 
1 volume of oxygen weight* 16, end 2 volumes «4 hy -L .:«?•* i; 
end, oonstqurnlly, $ volumes of dctor-*t»iv,: *;ti ***<4* I ^ i | 


volume 0, while the density of aqueous v»§«mr « § IIcure, if tha 

density of aqueous vapour Undetermined after i«§ %tm 

M 

quotient ^ would hi found to t<* *1 find »i«t ? this 


might be ocmflMsrad m a deviation from Gerhard t'» U **, be* *hi« wmtl*l 

not be correct, twuii It my \m *ihuwn hy im <h,» «I. ! , h ( r ||, 

poroui lubsteue^! ufamrltml In If , t tli.il w«ier la 

at iwh Ugi tmpemtufM. In the ease * f «« 

natumlly b® no ioubti it# % 4 A|»«r il##i#ii| o 

at aU tompwutuim at whieli It turn 1mmm« «1«. to ntj i fie*| 11 11 \,i f ll|er« Atm 


mmy substances which decompose with greet mm «fttwii 4 f ili#t 
volatilised, and therefore only «Kl*t lt«|ni ).,<», «!»•..- 

of vapour. There are, f«r •*»(«,»K «»«>* **lu *,f 0»% h>U, *11 

•Waite solution* baviag a «on»l«nt *mIi» « |- »*.t, »|J u , . u , f 
ammonia—for ©temple, all ammonium *«|u > A, ii.-it %^nt 
deWMe^ detamiiMd by Bittreu, De*»ll«, and An, «Jw* *b»t i)m>/ 
do not agree with Qerh&rdt'* law, Tim lb* vapoar *4 


•* UHmimaHjtt *nmm «p»*r •*»>*»*» «.<uu«.t t*.* ) • .,» 

amtal Mwre,iM «t l,«W t , wb»a n a M „,u;,.v . ... t „ \ 

amM* thatenhr avety »wr 1( *4 **ut <• ,t,„ **a >« u«.,» i«.,-. m,.., 

*4 I# $$*M4§h f *V* levity ,** U^rig 
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ammoniac, NH 4 C1, is nearly 14 (compared with hydrogen), whilst 
its molecular weight iff not loss than 5$*fy whence the vapour 
density should be nearly 27, according to the law,* The molecule 
of «al-nuunoniac cannot be lew than NH 4 01, because it is formed 
from the molecules NII a and 1101, and contain® single atom® of nitro* 
gen and chlorine, and therefore cannot bo divided ; it further never 
enters into reactions with the molcculesof other substances (for instance* 
potassium hydroxide, or nitric acid) in quantities of less than 53*5 
parti by weight, <&c. The calculated density (about 27) is here double 

M 

the observed density (about 13*4) j hence ^ mi at^d mt % For this 

reason the vapour density of sal-ammoniac for a long time torvod as 
an argument for doubting the truth of thb law. But it proved other¬ 
wise, after the matter had been fully investigated. The low density 
depends on the decomposition, of sab ammoniac; on volatilising, into 
ammonia and hydrogen chloride. The observed density is not that of 
sal-ammoniac, but of a mixture of Nil* and JlOi, which should bo 
nearly 14, because the density of NI!g«®iB*i and of 1101*18*2, and 
therefore the density of their mixture (In equal volumes) should be about 
tS*4, lf The actual deeomp^i^on of the vapours ofsaj-ammoniao was 
demonstrated by Pebal end Than by the same method as the decom¬ 
position of water, by passing the vapour of sabammoniao through a 
porous substance. The experiment demonstrating the dooomposition 
during volatilisation of sal-ammoniac may be made very easily, and is 
a very Instructive point in the history of the law of Avog&dro-Qnrhardt, 
because without its aid it would never have boon imagined that sal- 
ammoniac di«»pc»®d to vetottMstof, m this diwmipositton bears all 
the signs of simple sublimation; consequently the knowledge of the 
decomposition itself was forestalled by the law The whole aim 
and practical use of the discovery of the laws of nature ooosists In, 
and is shown by, the fact that they enable the unknown to be foretold, 
tliii unobserved to Im foreseen. The arrangement of the experiment 
is based on the following reasoning. u According to the law und to 
experiment, the density of ammonia, Nil* is Hf» ami of hydrochloric 

*» Tht* «ts|»ki«llrte iiI tb« vspmtr <km*ny of mhmttw mftw, wlpfMtrin auA 
•iinikf whioh tltwmpei* In twtaK fllrti!ttt4 wm Urn «tn»l tinland in w**n% t«» 

m »mm §w the »t»|4w»li«ii «f tfin nf Avugfuto^OwhArtU fct iWuu*! rnUtmti* wm 
totPfiU it wan, Inf inwiww*, given In my wnfk m IVlamcs, lssu, p mi Tim 

fiiwiwk, wlerli way ttiipliml tutor by iimny uttier iavt*tigatttr* h«wl wltwnly l**<a 

&m\p tt m of in that wt%vk, 

w TStii Wfjifumf intuit r*tm*»mbi«r tl»t an #*i primes! mml llw m*nh m whirlt ii |» 

wcrriiwt e»t mmS 4»4*irm**m4 by lt*«* pon»tt|»l« *»r bet wtiirfi il to ifitowM t*# itiiMliiftia 
att4 tint w4m immh as sum* »iipp»*«# Tlw bl#a wtiluti 4wtofanm*H tb# umm eisjr cf m 
sspwiiaset f» Hit shM aueskliiraUve* 
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Uid f IICI, 1 % U the dmntf of hj.h* 4 m * I | minify, \ n % 

mixture of NH* and lH*b th* ammont* mill mm^h mm% 

rapidly through a portni* «**%% nr n !«»■* ttprii th* hr**i*t h|4m* 

chloric acid, jiiit m in n t *'* f * ** 4 t *h b* 1 i 4 f a * I 

«iurer»|iiillytl®atliinii)trn filial ,r iff! / ^ # . « > «,it 

comet into contact with a p’r>^« nm», f) '* w v * * nl § %u tlir^l 
it ill gmte <]ttfttlUti«M than the hy*lr*»<hh»rk mmi, mml llm rn-^mm .c| 

Ammonia may becleuseteci by mean* *4 nn-4.*t m4 h'nmt »lik.| 

ahwkt be turned blue. If the v*j*»i»r «f »l w*r* 1*4 

decomposed, it would guias through tli« §**rrtn ® * ,* m \ **1 *•„ * . I tk* 
■colour of the lltiiiii?* pajpf would not l#» h^mnm ««l * 4 mm>*»U 0 

is a neutral salt* Thai, by loafing stiili litiuu* llm « 4 i*t*i»re» pa««n*g 
through the porous t®mm t il rosy >** # 1 #,% h 4 **' tkm iki «%! * *, 
i§ deeompotiid or not when ps&ting int# ¥#§#»*§?, tf*l mmimmlm 
volatilises at ao moderate a emperMero that the vspefitroml rosy I m 
conducted In a gkii tub® lir%»M f*y i mm*n *t a Uroj * a# ~s‘ 
plug being pketl near the eentro of llm tut**.,** The aaI*?*!#* I«rf$i# 
a porotti mass, which m unaltered at a high t**ef»«f«i*r«’ #1 | 4 «# 

of dry sabamumnloc l« |il«%*|l at mm *|J# »f llm saU **, » jW| # 
and is heated by a lliiiwiti burner. Tiro % aj^- nft fmmr t iic*cn 
by a outlet of air forced from * gmmtvmf «r t#i^ tht< nffl# i «»* I'jW# 
containing |deeet of molat lltn»n# pt|mr # mi# I4»m #f* I tr I in 
each# II the fet^uMtoftlao lie then the •ii»iii«$#i|:a «#i 

tie opposite side of the eib^itM plug, IMt*l llm lillttn* lj*e»* lurttS 
Tjlue. And u an h«m «f hytlrnchioftr *#li| fW-H»#|iii f«ti lit# #i4© »l»#m 
tlie e&l-ftmmonlac i» fcaiitwl, il turn# iK» ittmu* #i *la#* *>*«! r« 4 . 
This proves that tha MlsnionuiM, skon t^t.n »nj*- 4 f, 

splits up into ammonia and hyd*<*rlti>*rto Mil, *ti«l *t *lt« «#w > »!>.*# 
gives an insUnco of tha possibility *4 »<*n«<tfy * tm% m 

the basis o! the law of Avogadro-Owhardl. '* *•* 

So also the fast of a dmmtposltbot m*y t*» |-nwp«| io tl,« i^r 

instances where jj. proved groator than it, «m 4 (*#»*## »l.p 


^vWtos^i^w la realify at an exMlmt pw«f «f ti«» *i t ii. m 

tion and <%nlfloatu» of the law of Avop4»o4| Pt |,*„ll l 

^.. 

decomp<Hri^<m, wd tib wmmm iw * #l ^ * ** < 

nearWsw, t* la *-4 ^ I# !■< I« 1 *< m 

must b© .. ' "fa*} ^ |?|*^% f 4 *# *.> I 4 

phenomena, whi* hwsnoty^Owa ^TSw^lJtZ' Kmi* X* 
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In thoao cam who m th«» f *mimni 


M 

» 


prove* to be U$$ tillli tf, at 


iliti i*ln«rvi«I dentity gtmttr Ilian that oafoebitiHl, by atnaltiplatiutiiber 
of tinii«» the matter In evidently uwm mn\\*h t and lilt foot obaarved 
only isidkatea tha^ tit# weight of themnlemsh* In m many time* jprrater 
aa that taken m thm|tt«ttifmt obtained li hm than *J, Ho, fur hm\mnn\ 
In the em <d ethylai»*v whm composition li expioasod by (’Up ilm 
density wm imml by «§wittt#ftfc In he I I f and In the «n» of «» y* 
Jbit#i wbm eo&iposUhm is aba OII lf the dannity proved In Imi 3.5, amt 
oonaeqaefttly III© tfiietient tut ethylene * I t ami for amybmo « |, ft 
Hi© tnt4**ralar wtfgltl of ethylene Im taken, mil as 14, m might bo 
iiMfiiiMMl from Ha hot aa twice aa gmt~*naiMly» aa iff— 

and far aayfe&o m fit# Uimgnwfev**that baa 70—tbaa the motaeebr 
couipotiUon of As first will be 0 9 II 4l and of A© mend 0»f I |lk , and far 

both of thorn jj will |« equal to 3. Tlili apidicatitm of 41m lnw. 


which at fliat night may appear perfectly arbitrary, It nrvmhnka* 
strictly wfiwt, berime tho MMmnt of ethylene wiki mala—far 
mmpb* wfA anlphario and other arkie-’-b net equal toil, bat to li 
parte hgr weight* Thu* with 11*00* Ilr tl or III, fa,, ethylene mm* 
bines In a quantity 0»II 4 , and amyfene in a quantity C? A lI vm and not 
€If r On tl» other hand, eAyleno ii a gan which liquefies witli tlifli* 
cutty (abeolute boiling point * ? *f III )> whilst attiybno is a liquid 1 toiling 
at IS 3 * (absolute lading point m + ), ami by admitting the gnats* 

detniity of the itmlwahw %& amylttm fM « TO) it# diffbtmoo from tJm 
ItyhUw aaitacuhu <& ethylatm <M *■ tb) becomes «liw, Thus, ih» 

t» «#§ farifagfat ff m flit f»^y 


iptlitiil i* of Tim fliiiwiiiftt baavann A# dmltiaa of 

Olfpii and ORono l» » r»i I si firliit. 

I)ii tiiritlnii to ttm idiiiiiiiul#, it in ftimii I11 wbtift mimMXy 

with isi«;»tak“-fuf In»taiiC€% imwiiry, wM% and oadmitnn—tJiat tlmt 
weight of III© atorna « 1 iWi tmiat Im aoknawbclgmi in tt»« 4 r cotnjKmnda 
|ol which nie&tkm will b@ oft^rwar«b mmb) a|i|nm» to hm alao tli# 
tncdaottbt weight* Tho% tl* atotnk weight of inerenry inoit ba tuien 
mm HfM\ tfiil Hi© mpmf ibmky ami tlie % Vm« 

^uttillf tlm «n/l*Tiiln *f msrmry atmt* llg» IliathamiNt 
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molecule molt contain two atoms, 0 |t which might already hm mm%4w4^ 
by comparing it* eternity with that of omit#, whoso itmteeute ran tote* 
0 3 (Chapter IF.) Sc* 11! *u the molecule of hydrogen #».§ tab* If ^ 
chlorine C!*, of nitrogen N ?# dm. If ehloritm r%mt with hydr^fci*, tint 
volume remains unaltered aftor th» formation of hydtwhtette a* id* 
n f 4. Cl, «« HC| 4- HOI. It k ft can* «f substitution |||« ,p||4> 

and the other* and therefore tlio volume* remain conaun* TIki^ at* 
elements whoso molecules a re much mum mmpbn ~*fbr In#fonMa sulphur, 
8$*— although, by boating, the density k redtired to m third, and H # I# 
formed* Judging from the vapour density of pb**4|>boru* ffi ** €tf| 
the molecule contain* four ntom* 1%. Iten©* i*u;>y toi?, *i!# 


polymerjsod appear In mutecuU* which mm more compte* then tire* 
simplest possible. In cartem, a* w# aboil aftorwoite fvi K % t.ry 
complex molecule must bc§ admitted, its «ioi»* volatility ami 

other properties cannot bo umtenitoodk And If fettopound* mm de¬ 
composed by ft mom or tews powarfai boat, and If j«ljni«ri# «ub*t**tre* 
are depolymftrised (that Is, tli© freight of the tnofoettlu dimintehe*) by a 
riso of temperature, a* N a 0 4 pants into NO # , or mows O* into ordinary 
oxygon, 0„ then wo might wept to find the splitting tip *>f th* c nn* 
plox molecules of elements into the simplest fttaleeute a 

single atom only—that It to tty f If (\ be abuteml fr m **„ ih«t 
the formation of 0 might also tm teohadl for. IV jp«tftelt«y but not 
proof of such a proposition b Indicated by the ***p^*r *4 tm 

normal density «a* 1ST (Dumas, Dmriite, and cthcre), whteJi sorms^nds 
with the molecule I*. At tempemtufas above §§#♦ Cup to which iJt« 
density remains aimak constant), this density distinctly imfmmm, m 
is seen from the verified result# obtained by Ykm Meyer, Crafts, and 
Troost. At the ordinary \mmmm and 1,000* It it *fot»« IfXi, *1 
1,250° about 80, at 1,400* about 75, and apparently It sttfv**# to 
itself to one-half—that k, to 6$. Uniter a iwtoeml presKur* till# 
splitting-up, or depolymeHtation, et tedln# vapour to# 

a density w of 58, os Craft* demmrsttmtod by i%m 

pressure to 100 mm* mi raising the totnperatom to 1 f tor l # iibi» 

it may be oonoluded that at high tomporatiif«a mml hm pmmmm tfe» 
moieouie 1, gradually passes into the m&mmh I af^r, 

Uke mercury, and that something similar oemire with mtm tlmmuu *% 
a considerable rise ol tamptrotona wliltl toiii* to teiim ate^t th# 
disunion of compounds and the deo^m|mitfteii of mmphu L^ Xm » 


la M w ® •aw(Otorto* YL Hots it) oa kmmm tlw tf-tr * 

formation of a tog© peopettett ef a ^ ^ 

* AUhongb M M thm «, b* • Kate ,^i, mumi,. fe, a* »4 

chlorine It *w prowd feat II ftm* I* * ., rt » f ^ ;1 ^ 
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Besides these cases of apparent discrepancy from the law of 
Avogadro-Gerhardt there is yet a third, which is the last, and is very 
instructive. In the investigation of separate substances they have to 
be isolated in the purest possible form, and their chemical and physical 
properties, and among them the vapour density, then determined. 
If it be normal—that is, if D = M / 2—it often serves as a proof 
of the purity of the substance, i.e. of its freedom from all foreign 
matter. If it be abnormal-—that is, if D be not equal to M/2—-then for 
those who do not believe in the law it appears as a new argument against 
it and nothing more ; but to those who have already grasped the import¬ 
ant significance of the law it becomes clear that there is some error in the 
observation, or that the density was determined under conditions in 
which the vapour does not follow the laws of Boyle or Gay-Lussac, or 
else that the substance has not been sufficiently purified, and contains 
other substances. The law of Avogadro-Gerhardt in that case furnishes 
convincing evidence of the necessity of a fresh and more exact research. 
And as yet the causes of error have always been found. There are not 
a few examples in point in the recent history of chemistry. We will 
cite one instance. In the case of pyrosulphuryl chloride, S 2 0 6 01 a> 
M = 215, and consequently JD should = 107*5, instead of which Ogier 
and others obtained 53*8—that is, a density half as great; and further, 
Ogier (1882) demonstrated clearly that the substance is not dissociated 
by distillation into S0 3 and S0 2 Cl 2 , or any other two products, and 

one. In the case of bromine it is not much greater, and is far from being equal to 
that fox* iodine. 

As in general we very often involuntarily confuse chemical processes with physical, 
it may be that a physical process of change in the coefficient of expansion with a change 
of temperature participates with a change in molecular weight, and partially, if not 
wholly, accounts for the decrease of the density of chlorine, bromine, and iodine. Thus, 
I have remarked (Comptes Rendus, 1876) that the coefficient of expansion of gases 
increases with their molecular weight, and (Chapter II., Note 20) the results of direct 
experiment show the coefficient of expansion of hydrobromic acid (M = 81) to bo 0*00880 
instead of 0*00807, which is that of hydrogen (M=*2). Hence, in the case of the vapour 
of iodine (M = 254) a very large coefficient of expansion is to be expected, and from this 
cause alone the relative density would fall. As the molecule of chlorino Cl 2 is lighter (** 71) 
than that of bromine ( = 160), which is lighter than that of iodine ( = 254), wo see that 
4he order in which the decomposability of the vapours of those haloids is observed corre¬ 
sponds with the expocted rise in the coefficient of expansion. Taking the coefficient of 
expansion of iodine vapour ns 0*004, then at 1,000° its donsity would be 116. Therefore 
the dissociation of iodine may be only an apparent phenomenon. However, on the other 
hand, the heavy vapour of mercury (M=200, D«100) scarcely decreases in density at 
a temperature of 1,500° (D=»98, according to Victor Meyer); but it must not be forgotten 
that the molecule of mercury contains only one atom, whilst that of iodine contains 
two, and this is very important. Questions of this kind which are difficult to decide by 
experimental methods must long remain without a certain explanation, owing to the 
difficulty, and sometimes impossibility, of distinguiiffiing between physical and chemical 
changes. 
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quantity of a substance which enters into corniced reaction with other ' 
molecules , and occupies in a state of vapour the same volume m tw® 
parts by weight of hydrogen . 

The molecular weight (which has been indicated by M) of a dub* 
stance is determined by its composition, transformations, and vapour 
density. 

The molecule is not divisible by the mechanical and physical 
changes of substances, but in chemical reaction it is either altered in 
its properties, or quantity, or structure, or in the nature of the motion 
of its parts. 

An agglomeration of molecules, which are alike in all chemical 
respects, makes up the masses of homogeneous substances in all 
states. 19 

Molecules consist of atoms in a certain state, of distribution and 
motion, just as the solar system 20 is made up of inseparable parts 
(the sun, planets, satellites, comets, &c.) The greater the number of 
atoms in a molecule, the more complex is the resultant substance. 
The equilibrium between the dissimilar atoms may be more or less- 
stable, and may for this reason give more or less stable substances. 
Physical and mechanical transformations alter the velocity of the 

19 A bubble of gas, a drop of liquid, or the smallest crystal, presents an agglomera¬ 
tion of a number of molecules, in a state of continual motion (like the stars of the Milky 
Way), distributing themselves evenly or forming new systems. If the aggregation of all 
kinds of heterogeneous molecules be possible in a gaseous state, where the molecules 
are considerably removed from each other, then in a liquid state, where they are already 
close together, such an aggregation becomes possible only in the sense of the mutual 
reaction between them which results from their chemical attraction, and especially lit 
the aptitude of heterogeneous molecules for combining together. Solutions and other 
aorcalled indefinite chemical compounds should be regarded in this light. According 
to the principles developed in this work we should regard them as containing both 
the compounds of tho- heterogeneous molecules themselves and the products of their 
decomposition, as in peroxide of nitrogen, N. 2 0. t and NO* And we must consider th&Q 
those molecules A, which at a given moment are combined with B in AB, will in 
tho following moment become free in order to again enter into a combined form. The 
laws of chemical equilibrium proper' to dissociated systems cannot ,be regarded in any 
other light. 

20 This strengthens the fundamental idea of the unity and harmony of type of alt 
creation and is one of those ideas which impress themselves on man in all ages, and 
give riso to a hope of arriving in time, by means of a laborious series of discovorie^ 
observations, experiments, laws, hypotheses, and theories, at a comprehension of the 
internal and invisible structure of concrete substances with that same degree of clearness* 
and exactitude which has been attained in the visible structure of the heavenly bodies. 
It is not many years ago since the law of Avogadro*Gerhardt took root in science. It is 
within the memory of many living scientific men, and of mine amongst others, It is nob 
surprising, therefore, that as yet little progress has been made in the province of 
molecular mechanics; but the theory of gases alone, which is intimately connected with 
the conception of molecules, shows by its success that the time ls approaohing when our 
knowledge of the internal structure of matter will be defined and established. 
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motion and the distances between the individual molecules, or of the 
atoms in the molecules, or of their sum total, but they do not alter the 
original equilibrium of the system ; whilst chemical changes, on the 
other hand, alter the molecules themselves, that is, the velocity of 
motion, the relative distribution, and the quality and quantity of the 
atoms in the molecules. 

Atoms are the smallest quantities or chemically indivisible masses 
of the elements forming the molecules of elements and compounds. 

Atoms have weight, the sum of their weights forms the weight of 
the molecule, and the sum of the weights of the molecules forms the 
weight of masses, and is the cause of gravity, and of all the phenomena 
which depend on the mass of a substance. 

The elements are characterised, not only by tbeir independent exist¬ 
ence, their incapacity of being converted ii^to each other, &c., but also 
by the weight of their atoms. 

Chemical and physical properties depend on the weight, composi¬ 
tion, and properties of the molecules forming a substance, and on the 
weight and properties of the atoms forming the molecules. 

This is the substance of those principles of molecular mechanics 
which lie at the basis of all contemporary physical and chemical 
constructions since the establishment of the law of Avogudro- 
Gerhardt. The fecundity of the principles enunciated is seen at 
every step in all the particular cases forming the present store of 
chemical data. We will here cite a few examples of the application of 
the law. 

As the weight of an atom must be understood as the minimum 
quantity of an element entering into the composition of all the mole¬ 
cules formed by it, therefore, in order to find the weight of an atom of 
oxygen, let us take the molecules of those of its compounds which have 
already been described, together with the molecules of certain of those 
i&rbon compounds which will be described in the following chapter 
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18 
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48 
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44 
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CO 

28 

16 
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46 
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32 
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44 

32 


taken be ^'derably increased, 
but the resulted be the same-.that is, the molecules of the com- 

Z be f0Und less than 16 parts 

by weight of to element, but always *16, where ft is a whole number. 
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The molecular weights of the above compound® are found ©Ithar directly 
from tho density of their vapour or gas, or from their motions. Thus, 
the vapour eternity of nitric add (as a substance which easily decom¬ 
poses above its boiling point) cannot he accurately determined, but tho 
fact of its containing on© part by weight of hydrogen, and all its pro¬ 
perties fiht! reactions, indicate the above molecular composition and no 
Other. In this manner It it very easy to find the atomic weight of all 
the elements, knowing tho molecular weight and composition of their 
compounds. It may, for instance, be easily proved that tew than nl*J 
parts of carbon never enters into the molecules of carbon compounds, 
and therefore 0 must be taken as 13, and not at 6 which was the number 
In use before Gerhardt. In a similar manner the atomic weights now 
accepted for the dements Oxygen, nitrogen, carbon, chlorine, sulphur, Act., 
were found and indubitably established, and they are oven now termed 
the Gerhardt. atomic weights. As regard® tho metal*, many of which do 
not give a single volatile compound, w© shall afterward* ho© that them 
are also method* by which their atomic weights maybe established, but 
nevertheless tho law of Avogodro-Gerhardt is here also ultimately 
resorted to. In order to remove aiy^oabb whleh may b# encountered* 
Thus, for Instant although much that was known concerning tho 
compounds of beryllium necessitated Iti atomic weight being taken as 
Bn that Is, tho oxide as IteO and the chloride BeC) s — still certain 
analogies gave reason for considering its atomic weight to bo He 13*5, 
In which case its oxide would bo expressed by tho com|Kiittten Ite./> 3I 
and ih© chloride by Il#01|. 81 It was then found that the vapour density 
mi beryllium chloride was approximately 40, when It became quite cleat 
that Its molecular wt%ht was 80^ and as this satisfies tho formula 
Bed|, but does not suit tho formula Bo01 3 , It therefore became nmm- 
•ary to regard tho atomic weight of BoVt 0 and not as I8§* 

« If mul Iwryllmm ohlorhta !•«% BeCl t » th**n few tvwy 0 parts ©f terylllttm 
4lit’r*» *r« 71 |hu ts «»f <*hlarim\ and the tnolwuW woigHt of fhtClt**80j honr# th# vnjvmr 
dfiti^fty niton 1*1 i«* 4* or «40. If <ui4 btryllittm chlurulo l»# BoCL, 4!»m to 1JV0 

©I hiwyltuim tlww art* I OS'S of ctlilorint* | henect iW moUteuWr weight would U» I'iu, *i»<t 
Ih# vapour <UvMlty.flO #r «!§» Thu «ompti»Ulni> fa (tviihmily ih« wm& in Unfit tnm* t 
WmuwC i 71 - lift 1 IOC'S. Thu*, If lit# *ymh*»l of * htmmt thffamtt 

AUmita wulgHU, mrf difftmml formate m*y oqutdly woll nxpr#** both th# 

ftercrnttUa** compoMtion of «ompsttii4s, iktm {Hroporti** which am t»y th# 

liwi tif proportions »tii tKgufvslsnta The eh»mi«ti of former duy* mmmUly 

the 'ioinpovithm of iiiliitmi'ii, Mil se#ar«My upplted P&Ho«t‘» law#, l#y 
tubing II** I, €)»i» €«*<!, Hi-14, Ac. The Gerhard t equivalent* nr# «!«» s»ti»ii4 by 
thf*m, teeftuw 0** 111. 0-» IS, #*%» Of# multiptat of Item. Th# choie* of ©a# m 

ll# otter multiple t|u*itMly for the utoiftlp weight n impo**it4o without & inti nod mn* 
cftts tmmpttm of tlw mutamta «nl Atom, am! tbfp li only dbufned m * mmmimmm of 
the \m ef Avegadro-Oorterdt, «»«§ hm\m th# modem stemkn weight* am ite esMlte 
oflh|*lftw(ii#|f0WiSh 
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.pour density, or molecular weight and composition. The vapour 

M 

msity I> «■ For instance, the formula of ethyl other i® O 4 H l0 O # 

M 

responding with the molecular weight 74, and the vapour density 
, which ia the fact Therefore, the density of vapours and gases has 
Mind to bo an empirical magnitude obtained by experiment only, 
d has acquired a rational meaning. It is only necessary to rememl>er 
at 2 grams of hydrogen, or the* molecular weight of this primary 
a in grams, occupies, at 0® and 780 mm. pressure, a volume of 22*3 
res (or 22,300 cubic centimetres), in order to directly determine the 
lights of cubical measures of gases and vapours from their formulse, s 
muse the motmdar weight* in grain# of all other vapour* at 0° md 
0 mm, occupy the mm$ volume, 22*3 litrm- Thus, for example, in the 
so of carbonic anhydride, CO t , the molmd&r weight M«44, hence 44 
sms of carbonic anhydride at 0“ and 7(10 mm. occupy a volume of 
*3 Htn>s—consequently, a litre weighs 1*97 gram. By combining the 
m of gato—Qay-Lussao'*, Marietta*#, and Avopdro-Oerhardt's—w# 
tsin** a general formula for gases 

urn t Is the weight la grams of a ouMoetntlmotyt of a vapour or gm 

a temperature f and pressure p (expressed In o®®ttmet»® of mer¬ 
ry) if the molecular weight of the ga»«M. Thus, for instance, at 
0® arid 7(10 millimetres pressure (lc. at to atmospheric pressure) 
s weight of a onto© centimetre of ton vapour of ©tow (M«#74) la 
•0*0024.** 

» TWi formuU (which i» %irm to my wmk m Tmwkm d QwmS to in a 
atwh&t modified form In to * Compteft Btoas/ Feb. IS7S) to defaced la Hi# following 
must* according to to law d avcgtdsM3«rhaf4t, M«fiD tot all whsce M is 
, mtoutor weight sad D to ditoty referred to hydrogen. Bat It to eqsal to to 
flit 0 f) of ft trobio centimetre of ft $m In %r*m* at 0® and 7§ am. prswava divided by 
:xxwtw, for thin In to wdghi In gniae <*f n oubto tw&Umetra d hydrogen. Bet to 
ght § at » eubfa centimetre d a gM at a i to under a preentu* p 

centimetre!) w ©cjuiil k» «ut»/76(l + d). Thurdowi, «u«*4.?S« (I 4 * «l)p; b»nm t) m 
i {1 4 d)'0'(HKKNitfHj)« whenoe M• ISftf (1 * «t)/0*(KK)0KSty, which given to above expree- 
a, tmoaufte |/««*S 7 S, ead IftS multiplied by t 7 S end divided by OOCXXmPB » ntmrly CM. 
piece d », f»/e may to taken, whore m (• to weight to 0 to vtdtutie d ft vh^bi. 

#* The ftbovo fiwsittto may be directly applied la order b* ftwartniu to ladtodt# 
gbt from to data 1 weight d vapour m pit,* its volume a mi., preenur# j> to 

iptriititr* l* ? for %#«*to weight d vapour m divided by to vdama a, to eon#e- 

nutty UmCkWOm (S7S 4 * f )|j>e Therefore, iaatssd d to formula («* Chapter XL, 
to l#K jw«»H(27S + t), where H veto with to mass to nature d a gas, we msy 
ily to formula jrs»S,iOO{m/lf) (Ifl <#•!). Th§«# fomato simplify to 
natty mums, for mutmple, required to vdatae a by I gnaa d 

»«r d a temgsvatttie to tutor a p»ww» ytwTS «». Acwtof to to 

toa il«»@|900 m {S7Sef)/jrv, w» lad tot e»S4lS4 at fta to ease d witsr 
•1$, in ia this Mm** * S gms. (Xlkssa tormito Ufcs to sf 

> toy eggfOBdBMto) 
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(A carbon bisulphide, CS|i*90, of ©tbtr* O 4 H|0O,®s94, of iHsnzcme, 
Cell^ » 109, of alcohol, O t II @ 0» ■» 200; V ©f chloroform, CHC1 3 , *=67, 
die., show the amount of himt ojcjmiuiod In converting one part 
by weight of the above substances into vapour. A great uniformity 
Is observed if the measure of tins heat be referred to the weight of tho 
molecule. For carbon bisulphide the formula CS a oxpressefi a weight 
76, hence the latent heat of evaporation referred to the molecular 
quantity OSgs»76 # 90*a8,840, for ether**9,656, for benzene* 8,502, for 
alcohol *9,200, for chloroform*®8,007, for water*9,020, A*c. That in, 
for molecular quantities, the latent heat varies comparatively little, 
from 7,000 to 10,000 heat units, whilst for equal parts by weight it 
is ten times greater for water than for chloroform and many other 
eubstanoes. 19 

Generalising from the above, the weight of the molecule determine 
the properties of a substance tndsp$nd&ntty of its composition—is. of 
tho number and quality of the atoms entering into the molecule— 
whenever the substance is in a gaseous state (for instance, the density 
of gases and vapours, the velocity of sound in them, their specific 
heat, &a), or pmm into that state, m m m § in the latent heat of 
emporatlon, Bits is l&t«1140bla from tho point of view of the atomic 
theory in its present form, for, besides a rapid motion proper to the 
molecules of gaseous bodies, it is further necessary to postulate that 
those molecules are dispersed in space (filled throughout with the 
luminiferous ether) Uke the heavenly bodies distributed throughout 
the universe. Here, as there, it is only the degree of removal (tho dis¬ 
tance) and the masses of substances which take effect, while those 
peculiarities of a »ubita»«i which mm expressed In chemical traas- 
formations, and only come into action on mm approach or m% contact, 
are in abeyance by reason of the dispersal Hence It is at onoe obvious, 

m If th* cc»mw|itlc«* at itm mol#cmk* weights of substances dess ad gfv# m szsol 
ibw whan to U» latent hmk of »mpt*n.Um t mi *11 svmts II bsictp to light * 

otrtsta uniformity in which othurwiim only r#|iwin«i th* simple* result <»f ohm** 

vatloik. MaliKmhur qu&a tills* of Uquitl* *pf**jr to px|humI *hm*t oqual Mmmnt* uf twit 
In thsfcr svaperstion. It may h* mlt! th*t Hits Utsut tumt *4 avapumtkm «t tuotanthur 
guimtitlss if aMwlMtilf constat, bsoauss tin* vis viva <»f th* motion of ths mulsnuls* 
hwvi mm tmm, * constant quantity' Arntmikt # to U*«*nii«*Uymtfttk» lb* kt#iit hmk 

of evaporation is to (** - n) ^ tf'tih whnrn I is ftw boiling point, n* tit# 

♦pacific volume {is. Util vat urns <4 * unit uf waighl) of tho vspaur, sit# » lit# §ji«4Sit 
volume «d th«* liquid, th«* vferlftlta of itiit tawbw with * ?I§* of ta*|*»r*tura par ! rt , 
atal th# (hmstty t4 tlw mercury newrAitig i« whirl* tlm Thus 

tilt fatal hast #1 avaporatta luma**** m% <»nly with * drntmm In tliii vugicttr *tutii% 
(is* th* mcltaklsf weight), but §&« with m kemst t» the tamps palch and fthartfcie 
co llfcftd factm. 
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ifso many experimental discrepancies which canfiot as yet be ex* 
plained by theory. 27 bl * 


27 bis ilie osmotic pressure, vapour tension of the solvent, and several other meanet 
applied like the cryoscopio method to dilute solutions for determining the molecular 
weight of a substance in solution, are more difficult to carry out in practice, and only the 
method of determining the rise of the boiling point of dilute solutions can from its 
facility be placed parallel with the cryoscopic method, to which it bears a strong 
resemblance, as in both the solvent Changes its state and is partially separated. In the 
boiling point method it passes off in the form of a vapour, while in cryoscopio deter¬ 
minations it separates out in the form of a solid body. 

Van’t Hoff, starting from the second law of thermo-dynamics, allowed that the 
dependence of the rise of pressure (dip) upon a rise of temperature (<2T) is determined by 
the equation dp = (kmp ( 2T 3 ) dT, where A is the latent heat of evaporation of the solvent, 
m its molecular weight, p the tension of the saturated vapour of the solvent at T, and T 
the absolute temperature (T = 273 + 2), while R&oult found that the quantity (p—p 1 ) Ip 
(Chapter I., Note 50) or the measure of the relative fall of tension (p the tension of the 
solvent or water, andp' of the solution) is found by the ratio of the number of molecules, 
n of the substance dissolved,andN of the solvent, so that (p—p") fp = Cn /(N + n) where 
C is a constant. With very dilute solutions p —p* may be taken as equal to dp } and the 
fraction «/(N +«) as equal to n !N (because in that case the value of N is very much 
greater than '«), and then, judging-from experiment, C is nearly unity—hence: 
dp Ip = n ,'N or dp=-np /N, and on substituting this in the above equation we have 
(kmp /2T S ) dT=np /N* Taking a weight of the solvent m*. N = 100, and of the substance 
dissolved (per 100 of the solvent) q, where q evidently =nM, it M. be the molecular 
weight of the substance dissolved, we find that n/N ~qm /100M, and hence, according to 


0*02 T* 

the preceding equation, we hare M = 


that is, by taking a solution of q 
dT 


grins, of a substance in 100 grms. of a solvent, and determining by experiment the rise 
of the boiling point dT, we find the molecular weight M of the substance dissolved, 
because the.fraction 0*02 T 2 Ik is (for a given pressure and solvent) a Constant; for water 
at 100° (T=878°) when A* = 584 (Chapter I., Note 11), it is nearly 5*2, for ether nearly 21, 
for bisulphide of carbon nearly 24, for alcohol nearly 11*5, &c. As an example, we will 
cite from the determinations made by Professor Sakurai, of Japan (1898), that wherf 
water was the solvent and the substance dissolved, corrosive sublimate, HgClg, was taken 
in the quantity q = 8*978 and 4*258 grms:, the rise in the boiling point dT was =0°*179 and 
0°*084, whence M =251 and 268, and when alcohol was the solvent, q = 10*878 and 8*765 
and dT = 0°*471 and 0°*880, whence M=266 and 265, whilst the actual molecular weight of 
corrosive sublimate =271, which is very near to that given by this method. In the 
same manner for aqueous solutions of sugar (M=842), when q varied from 14 to 2*4, and 
the rise of the boiling point from 0°*21 to 0°*085, M was found to vary between 889 and 
864. For solutions of iodine I> in ether, the molecular weight was found by this method 
to be between 255 and 262, and I 2 =254 f Sakurai obtained similar results (betweefn. 247 
and 262) for solutions of iodine in bisulphide of carbon. 

We will here remark that in determining M (the molecular weight of the substance 
dissolved) at small but increasing concentrations (per 100 grms. of water), the results 
obtained by Julio Barpni (1898) show that the value of M found by the formula m&y 
either increase or decrease. An increase, for instance, takes place in aqueous solutions 
of HgCl 2 (from 255 to 884 instead of 271), KN0 5 (57-66 instead of 101), AgNO s (104-107 
instead of 170), K 2 S0 4 (55-89 instead of 174), sugar (828-848 instead of 842), &c. On the 
contrary the calculated value of M decreases as the concentration increases, for solu¬ 
tions of KC1 (40-89 instead of 74*5), Nad (83-28 instead of 58*5), NaRr (60-49 instead 
of 108), &c. In this case (as also for LiOl, Nal, C 2 H 5 Na02, &c.) the value of i (Chapter 
I., Note 49), or the ratio between the actual molecular weight and that found by the 
rise of the boiling point, was found to increase with the concentration, 2 .e. to be greater 
(thAh 1, and to differ more and more from unity as the strength of the solution becomes’ 
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them, theft the depression c?, or fall (counting from 0°) of the tempera* 
ture of the formation of ice will be (according to Pickering) 

rc = 0 0*010 0*025 0*100 0*250 1*000 

= 0° 0°*0103 0°*0280 0°*U15 0°*2758 1°*1412 

which shows that for high degrees of dilution (up to 0*25 n) d ap¬ 
proximately (estimating the possible errors of experiment at ±0°*005) 
«1*10, because then g?=Q°, 0° 0110,0°*0275,0°*1100,0°*2750,1°*1000 9 
and the difference between these'figures and the results of experiment 
for very dilute solutions is less than the possible errors of experiment 
(for n = 1 the difference is already greater) and therefore for dilute 
solutions of sugar it may be said that n molecules of sugar in dis¬ 
solving in 100 molecules of water give a depression of about 1°*1 n* 
Similar data for acetone (Chapter I., Note 49) give a depression of 
1°*006 n for n molecules of acetone per 100 molecules of water. And 
in general, for indifferent substances (the majority of organic bodies) 
the depression per 100H 2 0 is nearly nl 0, l to ral°*0 (ether, for instance, 
gives the last number), and consequently in dissolving in 100 grins, of 
water it is about 18°*0 n to 19°*0 n y taking this rule to apply to the 
case of a small number of n (not over 0*2 n). If instead of water, 
other liquid or fused solvents (for example, benzene, acetic acid, ace¬ 
tone, nitrobenzene or molten naphthaline, metals, die.) be taken and 
in the proportion of 100 molecules of the solvent to n molecules 
of a dissolved indifferent (neither acid nor saline) substance, then the 
depression is found to be equal to from 0°*62 n to 0°*65 n and in 
general K n. If the molecular weight of the solvent = m, then 100 
gram'molecules will weigh 100 m grms., and the depression will b© 
approximately (taking 0*63 n) equal to m 0*63 n degrees for n molecules 
of the substance dissolved in 100 grins, of the solvent, of in general the 
depression for 100 grms. of a given solvent = kn where k is almost 
a constant quantity (for water nearly 18, for acetone nearly 37, &c.) for 
all dilute solutions. Thus, having found a convenient solvent for a 
given substance and prepared a definite (by weight) solution (i.e. know¬ 
ing how many grms. r of the solvent there are to q grms. of the 
substance dissolved) and having determined the depression d — i.e. the 
fall in temperature of freezing for the solvent—it is possible to deter¬ 
mine the molecular weight of the substance dissolved, because d = kn 
where d is found by experiment and k is determined by the nature 
of the solvent, aid therefore n or the number-of molecules of the 

substance dissolved per 100 grms. of the solvent, M* the molecular weight of the 
dissolved substance (in tbe solution), and M the molecular weight of this substance 
according to its composition and vapour density, then * = M /M^. The experimental data 
and theoretical considerations upon which these formulas are based will be found in tex% 
books of physical and theoretical chemistry. 
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etiow (according to Pickering’s data 1892) for solutions of NaCl and 
CuS0 4 in water. For 

n 5 = 0*01 0 03 0*05 0*1 0*5 

molecules of NaCl the depression is 

d = 0°*0177 0°*0598 0°*0992 0°*1958 0°*9544 

which corresponds to a depression per molecule 

K = 1*77 1*96 1*98 1*96 1*91 

i.e. here in the most dilute solutions (when n is nearly 0) d is obtained 
hbout 1*7 n t while in the case of sugar it was about 1*1 n. For CuS0 4 
for the same values of n, experiment gave : 

<2 = 0°*0164 0°*0451 0°*0621 0°*1321 _ 0°*5245 

K = 1*64 1*50 1*44 1*32 1*05 

Le. here again d for very dilute solutions is nearly 1*7 n, but the value 
of K falls as the solution becomes more concentrated, while for NaCl it 
at first increased and only fell for the more concentrated solutions. 
The value of K in the solution of n molecules of a body in 100H 2 O, 
when d = Kn, for very dilute solutions of CaCl a is nearly 2*6, for 
Ca(NO a ) 2 nearly, 2*5, for HNO s , KI and KHO nearly 1*9—2*0, for 
borax Na 2 B 4 0 7 nearly 3*7, &c,, while for sugar and similar substances 
it is, as has been already mentioned, nearly 1*0—1*1. Although these 
figures are very different 28 bis still k and K may be considered constant 
for analogous substances, and therefore the weight of the molecule 
of the body in solution can be found from d. And as the vapour 
tension of solutions and their boiling points (see Note 27 bis and 
Chapter I., Note 51) vary in the same manner as the freezing point 
depression, so they also may serve as means for determining the mole¬ 
cular weight of a substance in solution. 29 

Thus not only in vapours and gases, but also in dilute solutions of 
solid and liquid substances, we see that if not all, still many properties 

58 bis Their variance is expressed in the same manner as was done by Yan’t Hoff 
(Chapter I., Notes 19 and 49) by the quantity i, taking it as when & = 1*05, in that case 
for KI, i is nearly 2 , tor borax about 4, &c. 

We will cite one more example, showing the direct dependence of the properties of 
a substance on the molecular weight. If one molecular part by weight of the various 
chlorides—for instance, of sodium, calcium, barium, &c.—be dissolved in 200 molecular 
parts by weight of water (for instance, in 8,600 grams) then it is found that the greater 
the molecular weight of the salt dissolved; the greater is the specific gravity of th* 
resultant solution. 



Molecular 

weight 

6p. gr. at 15° 

CaCl* 

Molecular 

weight 

Sp. gr. at 14° 

HC1 

86-6 

1*0041 

111 

1*0286 

tfaCl 

58*5 

1*0106 

NiCL* 

180 

1*0828 

kci 

74*5 

1*0121 

ZaCla 

186 

1*0881 

BeCl* 

80* 

1*0188 

BaCl 2 

808 

1*0489 

MgCL, 

95 

2?0208 
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of chemistry presents a striking example in point—Newton foresaw 
from the high refractive index of the diamond that it would contain 
a combustible substance since so many combustible oils have a high 
refractive power. We shall afterwards see (Chapter XV.) that 
many of those properties of substances which are in direct dependence! 
not upon the weight of the molecules but upon their composition, or, in 
other words, upon the properties and quantities of the elements enter¬ 
ing into them, stand in a peculiar (periodic) dependence upon the> 
atomic weight of the elements ; that is, the mass (of molecules and^ 
atoms), proportional to the weight, determines the properties of: 
substances as it also determines (with the distance) the motions of the * 
heavenly bodies. 

(or mixtures) is equal to the refraction equivalent of .the compound. According to the 
researches of Gladstone, Landolt, Hagen, Brlihl and others, the refraction equivalents of 
'the elements are—H=l*3, Li = 8.8, B=4*0, 0 = 5*0, N = 4*l (in its highest state of oxida-, 
tion, 5*8), 0 = 2*9, F = l*4, Na = 4*8, Mg = 7'0, Al»8*4, Si = 6*8, P = 18*8, S = ]6*0, Cl = 0 9* 
K=8*l, Ca=10*4, Mn=12*2, Fe = 12*0 (in the salts of its higher pxides, 20*1), Co=10*8^ 
( Cu=lT6, Zn=10*2, As=15*4, Bi = 15*8, Ag=15*7, Cd = 18*0, 1 = 24*5, Pt=20*O, Hg=20*2, 
iPb=24*8, &o. The refraction equivalents of* many elements could only be calculated i 
! from the solutions of their compounds. The composition of a solution being known it is! 
possible to calculate the refraction^ equivalent of one of its component parts, those for all] 
its other components being known. The results are founded on the acceptance of a law 
which cannot be strictly applied. Nevertheless the representation of the refraction 
‘equivalents gives an easy means for directly, although only approximately, obtaining thoj- 
coefficient of refraction from the chemical composition of a substance. F5r instance,* 
the composition of carbon bisulphide is CS 4 » 70, and from its density, 1*27, we find its 
coefficient of refraction to be.1*618 (because the refraction equivalent =5+2x10=87), 
which is very near the actual figure. It is evident that in the above representation com¬ 
pounds are looked on as simple mixtures of atoms, and the physical properties of a com¬ 
pound as the sum of the properties present in the elementary atoms forming it. If this 
representation of the presence of simple atoms in compounds had not existed, the idea 
of combining by a few figures a whole mass of data relating to the coefficient of refract 
lion of different substances could hardly have arisen* For further details on this subject, 
leee wo*k& Phytfwl Ql&mktry* 



CHAPTER VIII 

CARBON AND THE HYDROCARBONS 


If is necessary to clearly distinguish between the two closely-allied 
terms, charcoal and carbon. Charcoal is well known to everybody, 
although it is no easy matter to obtain it in a chemically pure state. 
Pure charcoal is a simple, insoluble, infusible, combustible substance 
produced by heating organic matter, and has the familiar aspect of a 
black mass, devoid of any crystalline structure, and completely in* 
soluble. Charcoal is a substance possessing a peculiar combination of 
physical and chemical properties. This substance, whilst in a state of 
ignition, combines directly with oxygen ; in organic substances it is 
found in combination with hydrogen, oxygen, nitrogen, and sulphur. 
But in all these combinations there is no real charcoal, as in the same 
sense there is no ice in steam. What is found in such combinations is 
termed ‘carbon’—that is, an element common to charcoal, to those 
substances which can he formed from it, and also to those sulwtanc« 
from which It can be obtained. Carbon may take the form of char* 
coal, but occurs also as diamond and as graphite. Truly no other 
dement has such a wide terminology. Oxygen is always railed 
♦oxygen,’ whether it is in a free gaseous state, or in the form of 


ozone, or oxygen in water, or in nitric acid or in carbonic anhydride. 
But here there is some confusion. In water it is evident that there is 
no oxygen in a gaseous form, such as can be obtained in a free state, 
oxygen in the form of ozone, but a substance which is capable 
pt ucing both oxygen, ozone, and water. As an element, oxygen 
possesses a known chemical individuality, and an influence on the 
prope es those combinations into which it enters. Hydrogen ga» 
f * 66 reacts with difficulty, but the element hydrogen 
Caihrm co ^ na ^ ons ar * easily displaceable component part. 

m a coB<y*Hn as m atom car hon matter, and charcoal 

ZtoSZfTe* ato ” 8 form »« « whole substance, or mmm of 

» n becansf, Th ® aoce P ted afc omio weight of carbon 

» 12. because that » the least quantity of carbon which enter. 
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into combination in molecules ot its compounds; but the weight ol 
tte molecules of charcoal is probably very much greater. This weight 
remains unknown because charcoal is capable of but few direct 
reactions and those only at a high temperature (when the weight 
of its molecules-probably changes, as when ozone changes into oxygen)* 
and it does not turn into vapour. Carbon exists in nature, both in 
a free and combined state, in most varied forms and aspects. Carbon 
in a free state is found in at least three different forms, as charcoal, 
graphite, and the diamond. In a combined state it enters into the 
'composition of what axe .called organic substances—a multitude of 
substances which aXe found in all plaints and animals. It exists 
as carbonic anhydride both in air and in water, and ib the soil 
and crust of the earth as salts of carbonio acid and as organic 
'remains. 

The variety of the substances of which the structure of plants and 
tanimals is built up is familiar to alL Wax, oil, turpentine, and tar, 
(cotton and dlbumin, the tissue of plants and the muscular fibre of 
animals, vinegar and starch, are all vegetable and animal matters, and 
tall carbon compounds. 1 The class of carbon.compounds is so vast) 


1 Wood is the nob-vital part of ligneous plants: the vital part of ordinary trees is 
situated between the bark and the lignin. Every year a layer of lignin is deposited on 
|this part by the juices "which are absorbed by the roots and drawn up by the leaves ; for 
this reason the age of trees maybe determined by the number of lignin layers deposited. 1 
I The woody matter consists principally of fibrous tissue on to which the lignin or .so-called 
incrusting matter has been deposited. The tissue has the composition C 6 H 10 0 5 , the 
i substance deposited on it contains more carbon and hydrogen and less oxygen. This 
^spatter is saturated with moisture when the wood ie in a fresh state. Fresh birch wood 
contains about 61 p.c. of water, lime wood 47 p.c. f oak 85 p.c., pine and fir about 87 p.o.* 
When dried in the air the wood loses a considerable quantity of water and not more than 
19 pn. remains. By artificial means this loss of water may be increased. If water be driven ' 
into the poxes of wood the latter becomes heavier than water, as the lignin of which it is 
composed has a density of about 1*6. One cubic centimetre of birch wood does not 
Weigh more than 0*901 gram, fir 0*894, lime tree 0*817, poplar *765 when in a fresh 
State; when in a dry state birch Weighs 0*622, pine 0*550, fir 0*355, lime 0*480, guaiaouin 1 
1*842, ebony 1*226. On one hectare (2*7 acres) of woodland the yearly growth averages 
the amount of 3,000 kilograms (or about 8 tons) of wood, but rarely reaches as much ad 
15,000 kilos. The average chemical composition of wood dried in air may be expressed as 
(follows:—Hygroscopic water 15 p.c., carbon 42 p.c., hydrogen 5 p.c., oxygen aftd nitrogen.' 
187 p.o., ash 1 p.c. Wood parts with its hygroscopic water at 150°, and decomposes at 
(about 800°, giving a brown, brittle, so-called red charcoal; above 850 J black oharcoal is, 
produced. As the hydrogen contained in wood requires for its combustion about forty parts 
by weight of oxygen, which is present to the amount of about 86 p.c., all that bums of 
the wood is the carbon which.it contains, 100 parts of wood only caving out as much heat 
as forty parts of charcoal, and therefore it would be far more profitable to use charcoal tot 
hunting purposes th a n wood, if it were possible to obtain (t in such quantities as corye* 
epond with its percentage ratio—that is forty parts per 100 parts, of wood. Generally, 
.however, the quantity produced is far less, not more than 8Q p.m, because part of tliq 
/carbon is given off as gas, tar, &c. If wood has to be transported gre at dista nces, or if 
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If any one of these organic compounds be strongly heated without free 
access of air—or, better still, in a vacuum—it decomposes with more or 
less facility. If the supply of air bo insufficient, or the temperature be 
too low for combustion (see Chapter TIL), and if the first volatile pro¬ 
ducts of transformation of the organic matter are subjected to conden¬ 
sation (for example, if the door of a stove bo opened), an imperfect 
combustion takes place, and smoke, with charcoal or soot, is formed. 9 

incited be obtained from Wood. At wood .charcoal and tar arc valuable products, in somo 
eases the dry distillation of wood 1§ carried on principally for producing them. For this 
purpose those kind* of woods arc particularly advantageous which contain resinous sub¬ 
stances, especially ooniferous trees, such as fir, pine, &o.; birch, oak, and ash give much 
less tar, but on the other hand they yield more aqueous liquor. The latter is used for the 
manufacture of wood spirit, CH 4 O, and acetic acid, 0^0$, In such cases, the dry dis¬ 
tillation is carried on in stills. The stills are nothing more than horizontal or vortical 
cylindrical retorts, made of boiler plate, heated with fuel and having apertures at 
the top and sometimes also at tho bottom for the, exit of tho light and heavy pro¬ 
ducts of distillation. Xho dry distillation of wood in stoves is carried on in two ways, 
cither by burning a i>ortl<m of tho wood inside the stove in order to submit tho remainder 
to dry distillation by means of the heat obtained in this manner, or by placing the wood 
in a stove the thin aides of which are eurrounded with a due leading from the fuel, 
placed in a space below. 

The first method does not give tuoh a large amount bf liquid products of the dryi 
distillation as the Jotter. In the latter process there is generally an outlet below tor] 
emptying out the charcoal at the close of the operation. For the dry distillation of 10 (b 
parts of wood from forty to twenty parts of fuel are used. 

In the north of Russia wood is so plentiful and cheap that this locality is admirably, 
‘fitted to become the centre of a general trade in tho products of its dry distillation.' 
Coal (Note 0 ), soo-wced, turf, animal substances (Chapter VI.), &e., arc also submitted 
to the process of dry distillation. 

9 The result of imperfect combustion is not only the loss of a part of the fuel and the 
production of smoke, which in some respects is inconvenient and injurious to health, but 
also a low flame temperature, which means that a less amount of heat is transmitted to 
the object heated. Imperfect combustion is not only always accompanied by the forma- 
tion of soot or unburnt particles of charcoal, hut also by that of carbonic oxide, CO, in the 
smoke (Chapter IX.) which burns, emitting much heat. In works and factories where 
large quantities of fuel arc consumed, many appliances are adopted to ensure perfect com-i 
bustkm, and to combat ugaimit such a ruinous practice as the imperfect combustion of 
fuel. Tho moot effective and radical means consists In employing combustible gases 
(prtwlucer and water gaum), Ixmauso by their old perfect combustion can be easily 
realised without a loss of hcat-produoing power and tho highest temperature can 
be reached. When solid fuel is used (such as coal, wood, and turf), hnj>orfoct combuHtiot* 
(s most liable to occur when the furnace doors arc opened for the introduction of fresh 
fuel. 11m step furnace may of Urn prove a remedy for this defect. In tho ordinary 
furnace fresh fuel is placed on tho burning fuel, and the products of dry distillation of 
the fresh fuel have to burn at the expense of the oxygen remaining uncombined with 
the burnt fuel. Imperfect combustion is observed in this case also from the foot that* 
the dry distillation and evaporation of thb water of the fresh fuel lying on the top of thaw 
burnt, lowers the temperature of the flame, because port of the heat becomes latent*! 
On this account a largo amount of smoke (imperfect combustion) is observed whenaftresh( 

r mtity of fuel Is introduced into tho furnace. This may be obviated by constructing 
furnace (or managing the stoking) in such a way that the products of distillation pass ; 
through the red-hot charcoal remaining from the burnt fuel. It h only necessary In 
order to ensure this to allow a sufficient quantity of air for perfect combustion. AH this 
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If my of tbono organic eomjiotmcls bo strongly heated without free 
aooofti of idr -or* footer still* In ft vacuum—it decomposes with more or 
Iw facility. If tin! supply of air bo InautMent, or the? temperature bo 
too low for combustion (m*n Chapter TIL), and if the first volatile pro* 
ducts of transformation of the organic matter are subjected to conden¬ 
sation (for example, if the door of a stove bo opened), un imperfect 
oombuHtion takes plao<s and smoko, with charcoal or i*out, in formed.* 

hidij#d b© obtained from wood, At wooibohitrooid and Ur art valuable products, in mmw 
<mm the dry dlitllktitm of wood J« carried on principally for producing thorn. For t\m 
jwrpot© the*© ktada of woods *r« particularly advantapou* which contain minou* sub* 
iUaeti, iNtpMially oonlforous taws, iwh m fir, pins, Ac, j birch, oak, and ash fiv« much 
Ur, hut m tho othor hand th»y yield mors aquoou* liquor. Xh§ latter is mod for tho 
Wjumfentare of worn] spirit, CH *0, and acotlo sold, CtB 4 O t . In such «*»#§♦, tho dry dk« 
tfltatten is «wnrf#d on in still*. The ©tills are nothing more than horizontal or vertical 
cylindrical to torts, made of hoi lor plate, heated with fuel and having nurtures at 
the tep and sometimes also at the bottom for the, exit of the light and heavy pro¬ 
duct* of distillation. The dry distillation of wood in Steven i§ earned on In two ways, 
either by burning a i»ortte» of the wood inside the stove in order to submit tho remaimfor 
to dry distillation hy means of the heat obtained in this manner, or by placing the wood 
in * «b»vo the thin sides of which are surrounded with m flu# leading from th# fund, 
placed In a below. 

The first method do©# not gift etieh a largo amount bf liquid products of the d*>j 
dlstlUatfcm as the fatter. la th© latter proeew then to generally m outlet below for! 
trapping out the charcoal at the close of the operation, For th© dry distiUatioa of lCKh 
parts of wood from forty te twenty parts of fool aro used. 

In the north of Russia wood is so plentiful and cheap that thin locality is admirably 
fitted to become the eentro of a general trade in the products of IU dry distillation.' 
Coal (Note fi), awe-weed, turf, animal substances (Chapter VI.), Ac., arc also submitted 
to the proeses of dry distillation. 

1 The result of Imperfect emnbnsUon Is not only the loss of a part of tho fuel and the 
produetlan of amoks, which in soma rnpeote is Inconvenient and injurious to health, but 
also a low flams temperature, which t»©ans that a Um amount of boat k transmitted to 
th# object halted, Imperfect combustion It not only always eoeompanfod by thti form*, 
tkm of toot or unburnl particles of charcoal, but alto by that of carbonic oxide, CO, In the 
•milk# (Chapter IX.) which burns, omitting much heat In works and factories whom 
large quantities of fuel are consumed, many appliances am adopted to ensure perfect oom-1 
bustkn, and b* romhat ng*a»»st «ueh a ruinous practice m the imperfect combustion of 
fuel. The most effective find mdiml means consists iu employing combustible gotta 
(|*t««turor and water g©***), fowtauso by their aid porfoet combustion can bo easily 
fmiked without a hum of hmbpmltiefiiff jMtwor and the highent tempnmturo can 
be rwwdmd. When solid fuel k uimhI (such as coal* wood, and turO.iinjKirfoc tcomhuiiiion. 
k i#i«it llalil# ti» occur when tlm fumate dtsirs are o|muuh 1 for tho introduction of fresh 
fuel. Tho step fumat^o may often pmum a remedy for this defect. In the ordinary 
fttrnami M fuel is |diMjod on tlm burning fuel, and the pro<hH*t>i of dry distillation of 
the fresh fuel hate fo buru at the oxponso of tlm oxygon remaining uncomblmid with' 
tins burnt fuel. Imj»rfmjt etmibustfon is obsorvod in thin mm aha» from tho fact thal> 
tho dry distillation and avaja>rati«ii of fhb water of tho fresh foil lying on tho top of thati 
burnt* towers Ilia tet«i|>emturo *4 tit© fkmo, Immw |wt of tho hwrt l«%eome» latettw 
On tltk mmm% a largo amount of smoko (imperfoot cmnbuation) Isobaomd whonafrt^bi 

r mtltf of fo«J I# Isttrnditml into th» fortiaco. This may bo obviated by ©«riitwetfoi 
tmmm (or managing the stoking) in such a way that Urn produote of diatillatkm 1 
Ihii ml hoi elvam«d rnmaiidng from teo burnt foul. It f» only to 

«4iwrte tbla fo alfow a«»W«l#»tqsMufttit|dlftif ^ p«rfi©l AH Ai 
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TI 10 nature of thc» ami tW pmdwrf* orbing tmm if, are tfi# 

game fti thoao produced It heatmg alon«% *inre tlmt gvirt whteh §,§ |n n 
state of combustion ai»ru* to ti«tf th*> mmt&kulrf of th«* fu«l. Xho 
decomposition which talf^ tm I<? m f i |< im! | #»*,| yf 

carbon, hydrogen, mii it a* f< H >** :■.A jmrt of th« hydrogen 

ii separated la a gaseous stat*, another part in emnhumiimt with 
oxypa, and a third part separates* in cYimbinatitm with caHxm, ml 
somatimes la combination with carl*m #mi «fc)g«tt in tin? form of 
gaseous or volatile product#, or* a# they arr> al*o cultol, tlt«i prtulttei# uf 
dry distillation. If the vapottiw * 5 ! the#** product* are jmimmhI through 
a strongly heated tul«% they are changed again in 11 niim-hr manner 
aid firnl ly tmdt» thcmaolv*** ink'* hydrogen and <?h*m«*l Altogether 
these various products of (kwomptsrition contain a «m*t!#r amount of 
carbon than th# original organic matter; part of lli« mrt*m remain# 
in a free state* forming * h#r< ml 1 If remain* in that t§nie« where 
the decomposition took placet in Dm «b*p* of «fm Mark, infudble, 
acm-volatfio charcoal familiar to all Th« earthy matter and all non. 


m$,y to ttllaliiMl hy ttn» «#• U *t*rj* rt» i*n f fc* |i^| 1 # f#,f * 4 *u, t & , !)## 
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volatile finhstancei* (ath)* forming a part of the organic matter, remain 
behind with the charcoal The tar-like «ub*t4uaoo§» which require! a 
high temperature in order to decompose them, alto remain mixed with 
charcoal. If a volatile organic sul^hanee, «ueh m a gaacoua compound 
containing oxygen and hydrogen, Im\ fokon, the carbon «©j»mte» on 
passing the vapour through a tube heated to a high temperature. 
Organic aubstanom when burning with an insufficient supply of air 
give off soot—that 1% charcoal—proceeding from carbon compounds in 
a state of vapour, the hydrogen of which hoi, by combustion, been 
converted into water; «o, for instance, turpentine, naphthalene, and 
Other hydrocarbons which are with difficulty decomposed by heat, easily 
yield carbon in the form of toot during combustion, Ohloxine and 
other substances which, like oxygen, are capable of taking up hydro 
gen, and also substances which wr© capable of taking up water, can 
also separate -carbon from (or char) most organic substances. 

Wood charcoal is prepared in largo quantities in a similar manner 
—that is, by the partial combustion of wood, 4 In nature a similar 


Vhioh wood untegoM at various %#ap«ntefM wima mtaitteA to diy Mite fcyr 
mean® of mspmhm&ml, item i— 
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4 Tbs object of jtmduckif phatoo*! two wood hm boon lapWrtitd in Nolo I. 
Wood ehmaml is obtained k% se-esUsd stasht by partially burning tli« wood, or by 
tarnon of dry distillation (Note* l) without tte access of sir. It !• principally m*nu- 
factored for meUUargfoal prm'mm *, #fj»#«lfdly for iqttiilUag sad fcwglag icon* 1ft# 
preparation of cterooul in stacks has one advantage, and that is that it may te dtet 
on any upot in tho forest. Hut in thin way all the jirodueU of Ary distillation am lost. 
For charcoal burning, a pile or stack is generally .built, In which tb® logs am jteeed 
dost' together, either ltorUoutally, vertically, or inclined, forming a stack of from six 
to fifty font in diameter and even larger. Under the stack arc several horisontal air 
passages, and an opening in the middle to lot out tte smoke. Tte surface of the stack I* 
covered with earth and sods to a <HiuslcSerahhi thickness, esjjecially the upper pari, in 
order to hinder the free pasimg# of air and to outmost train the teat inside. Wheii the 
stack is kindled, the pik tegins to settle down by degrees, and it is Item mmsmtay to 
look after the turf casing and knap it in impair. As thii <xmtbu*4k»n spreads thnmgteui 
the whole pile, tte temperature rises and r«*d dry distiUatkm txmxmmm. It is thee 
nooewiuy to stop tho air ludes, in order m much as potsftds W prevent utkitmwmMXf own- 
bastion. The nature of the process b, that part «*f tte fad bums and develops the teat 
xsquired for subjecting the remainder tw dry distillation. Tte charring is stopped wten 
the product# of dry distillation, which are emitted, no lunger bum with a brUteol ten#, 
but tte pal* blue dam# erf oartonio «kk appiwfc Ehry w<»d 
demrth of itu weight oUdifimMil, 
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pnom of ctrboniMtkm of *Pg*wU« r*f«*» %*hm j»Uk» in iu Iran* 
formation under water, m ahown hy iho mareby v«.g*i*u<m whiob 
forma peat.* In thin manner tIaul>U«M U>» «rn**rmou« ihmkni of 
coal were formed * whio^ following tb« esainpla •*» by England, m 
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now utilised everywhere as the principal material for heating steam 

component parts (ixsat and lignites, mm In their last condition, still continue to avolvo 
nitrogen, earl ami© nnhydridu, and marsh gas#*) form Goal Coal k a dense homcgMMKras 
muss, block, with an oily or glassy lustre, or tmw« rarely dull without Any client v#p* 
table structure; thin distinguishes It In spi»earatu;& from tho majority of lignites* The 
density of coal (not counting tho admixture of pyrites, &«,) varies from I'W (dry bite* 
minoui coal) to 1*6 (anthracite, fkmakiie), and even roaches 111 in tho very dense variety 
of coal found in tho Olonstsky government (tomuid tlmngiuq, which according to the 
Investigations of Professor Xnostrantsef! may bo regarded as the extreme tmunbor of tho 
various forms of coal. 

In order to explain tho formation of coal from vegetable matter, Cagniard do k Tour 
enolosod pi#©## of dried wood in a tub# and heated thorn to the boiling point of mereury, 
when tho wood was changed into a semtdiquid block mass from which a substance 
exceedingly lik# coal separated. In this manner tom# kinds of wood formed coal which 
on being heated left asking coke, others non-caking ; precisely at wo find with tbs 
natural varieties of coal. Violetta repeated these experiments with wood dried at I®#* 
and showed that when wood is decomposed in this way, a gas, an aqueous liquor, and a 
residue are formed. Xh© latter at a tem|mrature of StH)° has (dm properties of wood 
charcoal incompletely burnt; at 80fl u and higher a homogeneous mass like coal It formed 
which at 640° is dense and without cavities* At 400° tho residue resemble* anthracite. 
In nature probably the decomposition was in rare cases effected by heat alone \ mam 
generally it was effected by means of water and beat, but in either cat# the result ought 
to be almost tho same. 

The average competition of eoal omnp^Mi from many #>»%§#«, dt«^p«ding tte aab» 

to m follows s 84 parts of carbon, B port* of hydrogen, I past of attwpii, 8 parts of 

oxygon, a of sulphur. Tho quantity of Mb to on m average 6 pm., but these urn oooio whfdli 
contain a larger quantity, and naturally they are not so advantageous for use as fust 
The amount of water does not usually exceed mom than 10 pc. Tho muthmrdtm farm 
a remarkable variety of coals, they do not give any volatile products, or but a very small 
amount, m they contain but little hydrogen compared to oxygon. In the average ©am* 
position of cool wo saw that for 6 |»arts of hydrogen there wore H |«rt« of oxygen | 
therefore 4 parts by weight of the hydrogen are capable of forming hydrocarbons, because 
1 port of hydrogen is necessary in order to form water with tho 8 parti of oxygon, These 
4 parts by weight of hydrogen can convert 4H parts of oarbun into volatile products, 
because 1 part of hydrogen by waight in thorn substances combine# with li jouri# of 
carbon. The anthracites differ essentially from this: neglecting the ash, their average 
composition is as follows; 04 parts of carbon, 8 of hydrogen, and $ of oxygen and 
nitrogen. According to the analyses of A. A. Voskresensky, the Oroosheffsky anthracite 
(Don district) contain*: C-U8‘H, H*-1*7, ash«1*6. Thoroforo the anthracites contain 
but little hytlrogcn capable of combining with tho carbon to form hydrocarbons which' 
burn with a flame. Anthracites are tho oldest forms of coal. The newest and least tr&ns* 
formed cools, which resemble some of tho brown varieties, or© the dry cools. They bum 
with a flam© like wood, and leave a ©ok© having th© appearance of lumps of coal, half 
their component parts being absorbed by tho flam© (they contain much hydrogen and 
oxygen), Tim remaining varieties of coal (gas coal, smithy coal, coking, and anthracite) 
according to Orllner in all respect# form commoting links between the dry coals and 1 
the anthracites. These coals bum witli a very smoky flam©, and on being heated leavt 
mkr, which bears the same relation to coal that charcoal docs to wood. Thu quantity and 
quality of coke vary considerably with the different sorts of coal from which It fa 
formed. In prantioe cook or# most often distinguished by th# properties and quantity 
of the coke which they give. In this particular the wcsllact bituminous coals om 
♦specially valuable, os even the slock of this kind gives m dry distillation large spongy 
mosses of coke. If large pieces of these kinds of coal arc subjected to dry dmtUkttan, 
they, as It were, mo It, flow together, and form caking masses of coke. Tho best *©M»tg 
«wds W pA of 4mm oaUttg oak* Such oooX k v«ry valuable tar nu:d.:,dhu^>HUil 
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boilers, and in general for all purposes of heating and burning.* 
Russia possesses many very rich coalfields, amongst which the Donets 
district is most worthy of remark . 8 

During the imperfect combustion of volatile substances containing 


purposes (see Note 8). Besides coke, the dry distillation* Of cos! produces gat ($m further, 
illuminating gas, p. 881), coal-tar (which gives begone, carbolic acid, naphthalene, tat 
for artificial asphalt, Ac.) and also an aqueous alkaline liquor (with wood and lignite* 
the liquid is ooid from acetio acid) whioh contains ammonium carbonate ($m Note 8). 

7 In England in 1850 the output of coal was as much at 48 million tons, and in latter 
years it has risen to about 190 millions. Besides this other countries contribute 800 
millions—Russia about 6 millions. The United States of America com® next to England 
with an output of 160 million tons, then Germany 90 millions; France produces but 
little (25 millions), and takes about 5 million tons from England. Thus the world con* 
sumes about 500 million tons of coal yearly. Besides household purposes, coal i$ 
chiefly used as fuel for steam-engines. As every horse-power («®76 kilogrammetrcft per 
second) of a steam-engine expends on the average more than 86 kilograms in 94 hours, 
or in* a year (counting stoppages) not less than 0 terns per horse-power, and there are not 
less than 40 million horse-power at work in the world, the consumption of coal far 
motive-power is at least equal’ to half the whole production. For this reason coal 
serves as a criterion of the industrial development of a country. About 18 p. 0 . of 
coal is used for the manufacture of oast iron, wrought iron, steel, and articles mad# of 
them. 


8 The principal coal beds of Russia under exploitation are: The Don basin (XTO 
million poods per annum, 62 poods=1 ton), the Polish basin (Dombrovo and others 
120 million poods per annum), the Toula and Bissau beds of the Moscow basin (up to 
25 million poods), the Ural basin (10 million poods), the Caucasian (Kviboul, near Kutois), 
the Khitjhis steppes, the smithy oo&l basin (Gov. of Tomsk), the Baholino, Ac. Tb# 
Polish and Mbsoow basins do not give any ookjhg coals. The presence of every variety 
-of ooal (from the dry coal near Lisiohansk on the Donets to the anthracite* of the 
entire south-east basin), the great abundance of excellent metallurgical coal (coking, ### 
Note 6) in the western part* of the basin, its vast extent (a® much as 85,000 sq. versts), 
the proximity of the seam® to the surface (the shafts are now from 80 to 100 fathom* 
deep, and in England and Belgium as deep as 500 fathoms), Che fertility of the noil 
(black earth), the proximity of the 48ft (about 100 versts from the Boa of A*off) and of 
the rivers Donetz, Don, and Dneippr, the most abundant seams of excellent iron ore 
plorsan Mogila, Krivoy Rog, Boulin, Ao., Ac.), copper ore, mercury ore (nedr Nikitovka, 
in the Bakhmouth district of the Ekatertaoulav Gov.), and other ores, the richest 
ptohably in the whole world, the beds of rook-salt (near the stations of the Stoupka and 
Brianzovka) the excellent day of all kinds (china, fire-elay), gypsum, slate, sandstone, 
and other wealth of the Don ooal 6am, give complete assurance of the fact that with 
the growth of industrial activity in Russia this bountiful land of the Cossacks and Now 
Bnssia will become the centre of the most extensive productive enterprise, not for 
w» requirements of Russia alone^ut of the whole World, because ha no other place m® 
befounfi. such, a concentration of favourable conditions. The growth of enterprise 
toowledge^togetherwith the extinction of ie forests which compel® Russia to footer 
°* hriR f° bring about this desired result. England with a 


wv# • v-. 7.- w *« v ** 0 w a m u yi y twuui* m inuuon tons or corn, roe price 

p ? UleI)onetz Cohere a pood of worked coal com lm» than ft 
whe,fe anthracites and sembanthradtes (UJ» Cardiff or «tmm 
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Wb!f ^l 7 m08t !a ^ dioua wq^rement® of the industry idrmdy 
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carbon and hydrogen, the hydrogen and part of the carbon flint bum, 
and the remainder of the carbon forma soot Tar, pitch, and similar 
substances for this reason burn with ft smoky flame. Thus aoot to 
finoly-dividod charcoal separated during the imperfect combustiart of 
the vapours and gases of carbonaceous substances rich in carbon. 
Specially-prepared soot (lampblack) is very largely used as a black 
paint and a largo quantity goes for the manufacture of printers' ink. 
It is prepared by burning tar, oil, natural gas, naphtha, Ac. The 
quantity of organic matter remaining undecomposed in the charcoal 
depends on the temperature to which it has been submitted. Charcoal 
prepared at the lowest temperature still contains a ooiudderahb 
quantity of hydrogen and oxygen—even as much as 4 p.e, of hydrogen 
and 20 p.c. of oxygon. Such charcoal still preserves the structure of 
the substance from which it was obtained. Ordinary charcoal, for 
instance, in which the structure of the tree is still visible, is of this 
kind. On submitting it to further heating, a fresh quantity of 
hydrogen with carbon and oxygon (in the form of gases or volatile 
matter) may be separated, and the purest chareoal will be obtained m 
submitting it to the greatest heat® If it be required to prepare pur# 
charcoal from soot it is necessary first to wash It with alcohol and 
ether in order to remove the soluble tarry products, and then submit 
it to a powerful boat to drive off the Impurities containing hydrogen 
•and oxygon. Charcoal however when completely purified does not 
change in appearance. Its porodfcy, 10 bad conducting power for heat, 

• AS it i» difficult to from the ehoronal Urn admixture of «th — that in, tb# 

earthy m&ttir oontslndd to th© vegetable twtlfor Ih nwtor 

to obtain it to its purest emMUm It is tmmmtf to mm web ©rgwife #ubsta«e®« m do 
not contain mj Mb, for •xsnpls oomplstoly refined or purified oryntaUM Migur, 
crystallised tartar!© add, to. 

10 The cavities in cthurwml are the paeaogos through which the©© volatile pm&mto 
formed at ilwi same time as the charcoal have passed. The degree of of ©bar* 

coal varies considerably, anti hn» a technical significance, In different kiwi* of ohwwl* 
The moat ixirou* charcoal I# very light ; m, cubic motro of wood charcoal weigh© about 
§00 kilogram©. Many of the prtJjH*rtit** of charcoal which tinpuntl oxiduwv«4y on it# 
porosity aw ©hared by many other ponut© mitmtaneot*, and vary with Urn density of it*# 
charcoal and dup©nd on tint way it was prof ami. The property which charcoal ha* <4 
absorbing liquids, and many aob*tanrnM in solution, i« a eawo in j««int. Th# 

denies! kind of charcoal I* formed by itiw motion of great heat on sugar and other ftntihl© 
•ubstenoes. Tim lustrous grey dens© cokm formal In ga© whirl* In also of this eharoiitof, 
Tfiit dense coke collect# on ih#» internal walla f*f the retort© subjeetort to groat I 
Mid f» produced by the vs|*mra md gaaoa from the Iteatod coal In the 

lu virtu® of its domity such sake beenm#© §» good of th# ffuJmnle ©timml 

md graphiU. It It principally umd f« galvanic hattorto#. Coke, or tfm ©hat. 

#od remaining from tint lnii*»rf©©t ©ombtmtkm of eiml and tarry substances, in also t#at 
J%h% porous, Iwilhant, <Uwu not god or mark pajrnr, li dense, ahm*t dmtM of th* 
wecHy of retatolag liquid© ami solids, and dims lint absorb p##*» The light sort# of 
ehueoal podu«#d from ebarntd wood, m% Uw dlior M, Show this tlworptif # poptr to 
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capability *of absorbing tho luminous rays (hone© Its black now and 
opacity), and many other qualities, are familiar from everyday ex* 
perience. 11 The specific gravity of charcoal varies from 1*4 to 1*9, and 
that it floats on water is duo to the air contained in its pores* If 
charcoal is reduced to a powder and moistened with spirit, it imme¬ 
diately sinks in .water* It is %7\fusible in the furnace and even at the 
temperature of the oxyhydrogen flame* In the heat generated by 
means of a powerful galvanic .current charcoal only softens but does not 
completely melt, and on cooling it is found to have undergone a com¬ 
plete change both in properties and appearance, and is more or km 
transformed into graphite. The physical stability of charcoal is 
without • doubt allied to its chemical stability* It is evidently a 
substance devoid of energy, for it is insoluble in all known liquids, 


& most marked degree. This property is particularly developed In that very line *nd 
friable charcoal prepared by heating animal substance# inch as hides and himea. Th$ 
absorptive power of charcoal for gases it similar to the condensation of gane# in apongf 
platinum. Here evidently there is a dase of the adherence of gases to a solid, |*rceiael$ 
as liquids have the property of adhering to various solid*. One volume of charcoal will 
absorb the following volumes of gases (charcoal is capable of absorbing an immtnoa 
amount of chlorine, almost equal to its own weight) • 


Sauaaiife. 

Boxwood Charcoal 

Jk'&vra. 

Cocoanut Charcoal 

Umt> emitted 
per gram of tin 

NHj 90 

00 5 05 

NoO 40 

HC1 65 

170 volt. 

W * 

00 „ j 

105 „ | 

404 unite 

m „ 
m „ 
m „ 


The quantity of gas absorbed by the charcoal Increase* with the pressure, and it 
approximately proportional to it. The quantity of heat given out by the iibsor|»*um 
nearly approaches that set free on dissolving, or passing into a liquid condition* 

Charcoal absorbs not only gases, but a number of other substance*. For instants, 
alcohol which contains disagreeably smelling fusel oil, on being mixed with charcoal of 
filtered through it, loses most of the fusel oil. The practice of filtering wImUiumm 
through charcoal in order to get rid of foreign matter® it often applied in chemical and 
manufacturing processes. Oils, spirits, various extracts, and vegetable find other soitt* 
tions are filtered through charcoal in order to purify them. Tbt bleaching power of 
charcoal maybe tested by using various coloured soWtio»i-««uoh m aniline dye*, littnun, 
~ Charcoal, which has absorbed one substance to saturation is still capable ol 
absorbing certain other substances. Animal charcoal, produced to a very. in#ly-dlvli#d 
state, especially by heating bones, makes the best sort for the purpoiwi of abaorptim*. 
Bone- charcoal is used in targe quantities in sugar works for filtering synapt and all 
MJotou. to order to pnrif, thorn, not only from colouring and odtanm. 
matte, tort also faomthe tone which is mixed with the ayrapa in order to render them Im 
mmtohfe dtmng boiltog. The absorption of tone by animal charcoal depend*, in *# 
°? *•» “keml component parts cl bone charcoal. 

conductor of heat, end therefore forma an exeettwrt 
toSSbW teWhV ‘ h v tran8mlBBion «* teat, A charcoal Untog to often need 
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Mid at an ordinary t<mi}wrature dom not combine %mih anything; it 
is an inactive substance, like nitrogen. 1 * But these properticii of 
charcoal change with a rim of temperature; thus, unlike nitrogen, 
.Charcoal, at a high temperature, combines directly with oxygen. 
This is well known, as charcoal burns In air. Indeed, not only does- 
oxygon combine with cfutrcoeU at a red heat, but sulphur, hydrogen, 
silicon, and also iron and some other metals 18 do so at a very- 
high toraporaturo—-that is, when the molecules of the charcoal have 
reached a state of great instability—*whilst at ordinary temperatures 
neither oxygen, sulphur, nor metals act on charcoal in any way. 
When burning in oxygen, charcoal forms carbonic anhydride, 00 %f 
whilst in the vapours of sulphur, carbon bisulphide, OS*, is formed* 
and wrought iron, when acted on by carbon, becomes cast iron. 
At the great heat obtained by passing the galvanic current through 
carbon electrodes, charcoal combines with hydrogen, forming acetylene, 
C a H*. Charcoal does not combine directly with nitrogen, but in then 
presence of metals and alkaline oxides, nitrogen is absorbed, forming 
a metallic cyanide, as, for instance, potssrium cyanide, KON. 
From these few direct combinations which charcoal, is capblo of 
entering into, may be derived those numerous mkmmmm compounds 
which enter into toe composition of plants and animals, and can be thus 
obtained artificially. Certain substances containing oxygen give up a 

O The unnltorsbility of char©* ml under the action of atmospheric agencies, which 

r duoe changou In the majority of stony and metallic substances, is often insdu umi of' 
practice. For example, charcoal li frequently strewn in boundary ditches. Tha 
surface of wood is ©ft®** charred to vendor it durald® in Urns® places wher® the anil I*. 
damp sad wood itself weald won tot. The chambers (or in some works towers) through 
whioh odds pats (for example, ealphwl* and hydrochloric) fa order to bring then* into 
contact with gases or liquids, art filled wl% charcoal or coke, because at ordinary t«u« 
pmtures it resists the action of even the strongest acids. 

* r * u Moquenn© (IBM) discovered that oorbem is capable of with the alkali 

metals. A 80 p.e. amalgam of the metal* was Intatod to a rsd host with oharcosl powder 
fn a etroasn of hydrogen. The comjKumd* no obtained pos«e«MN^i t *sfttr the meronty had 
boon driven off, the compositions HaC t> RcCa, CaC* All thee# compound* reset with 
Water forming acetylene, for example: 

UaC* 4. »II t O » C 8 H 3 + ik(OH)*. 

H$$aemo pn^em» the barium carbide a# a scum* of acetylene. llw obtained this 
Compound by hosting carbonate of barium, mstftuNdtim powder, sad retort carbon to s 
rerrcaa fanrnoc (HoCO*hMg + 0 <* »MgC> 4 !kC*>. One hundred grams of IkC« evolve 
0,800 to 5,40-0 c.o. of acetylene, mixed with shout »-8 gse. of hydrogen. 

The rristion of acetylene, <\Hf, to these metallic carbides is evident from Hi# foot 
that then® metals (Co, ir, Ik) replace S atom* of hydrogen, and therefore C t lk corre¬ 
sponds to Cfllg, «k> thst they may lx* regarded si metsUfa derivative* of acetylene* 
Hobson (1808) obtained similar carbides directly from the cm id®* by subjecting them to 
the action of the voltaic are, In the presence ©f carbon, far instance, flat) 4-10 * CO 4 C*Bo» 
6ilUuHk|;h at s tamo* heat carbon I*** no action m the «sld## Ond, HnO, UrO, Cm* 
coming Jd<0* m Chapley XVtt* Mm W, 
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part of it to oharooal at a relatively low temperature. For instance* 
nitric acid when boiled with charcoal gives carbonic anhydride and 
nitric peroxide. Sulphuric acid is reduced to sulphurous anhydride 
when heated with carbon. When heated to redness charcoal ab* 
sorbs oxygen from a large number of the oxides. Even such oxides 
as those of sodium and potassium, when heated to redness, yield their 
oxygen to charcoal although they do not part with it to hydrogen* 
Only a few of the oxides, like silica (oxide of silicon) and lime (calcium 
oxide) resist the reducing action of charcoal Charcoal is capable of 
changing its physical condition without undergoing any alteration in 
its essential chemical properties— that is, it passes into uomeric or olfo- 
tropic forms. The two other particular forms in which carbon appears 
are the diamond and graphite. The identity of composition of these with 
charcoal is proved by burning an equal quantity of all three separately 
in oxygen (at a very high temperature), when each gives the same 
quantity of carbonic anhydride— namely, 12 part® of charcoal, diamond, 
or graphite in a pure state, yield on burning 44 parts by weight of 
carbonic anhydride. The physical properties present a marked eon- 
trast; the densest sorts of charcoal have a density of only 1 % whilst 
the density of graphite is about 2*3, and that of the diamond 3*5. A 
great many other properties depend on the density, for Instance com¬ 
bustibility. The lighter charcoal is, the more easily it bum® ; graphite 
bums with considerable difficulty even in oxygen, and the diamond 
burns only in oxygen and at a very high temperature. On burning, 
charooal, the diamond, and graphite develop different quantities of hea& 
One part by weight of wood charcoal converted by burning Into 
carbonic anhydride develops 8,080 heat units; dense charcoal separated 
in gas retorts develops 8,050 heat units ; natural graphite, 7,BOO heat 
units ; and the diamond 7,770, The greater the density the less the 
heat evolved by the combustion of the carbon, 1 * 

By means of intense heat charcoal may be transformed into 
graphite. If a charooal rod 4 mm. in diameter and 5 mm. long be enclosed 
in an exhausted receiver and the current from 600 Bunsen's elements, 
placed in parallel series of 100, be passed through it, the charcoal 


When subjected to pressure, charcoal loses toot, hum the iteuttnl form «Wnd« to 
the less dense aa a solid to a liquid, or as a compound to an ttemwi From tolt the 
contusion may be drawn that the moleeuka of graphite tm mom complex Am Hiomi 
of charcoal, and those of the diamond still more so. ©» aptelfio heat show* ttm name 
^a^imdMwesh^seefnrtheron.the increased comptaity of a aoterafe tads to a 
of toe specific heat. At ordinary temperatures the specific heat of oharooal to 
the . aiMaon ? ow * For *®tort ewbcm Xm CbtMitr {mm) fount! Unit 
atomic weight varies, bofcwttn <P and sewidto* to 
(CUtftoXIV. “ d b *‘ W * e0 “°° “* d 10W>O . -Wt+O-OOBM* (I m 
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E eoomos strongly incandescent, partially volatilises, and is deposited in 
Ue form of graphite. If sugar be placed in * charcoal crucible and 
a powerful galvanic current passed through it, it is halted into a tnam 
(similar to graphite. If charcoal bo mixed with wrought iron and 
Iheatod, cast iron is formod, which contains as muoh as five per cent, of 
charcoal If molten cast iron be suddenly chilled, the carbon remains 
in combination with the iron, forming so called white cant iron ; hut if 
the cooling prooeeds slowly, the greater part of the carbon separates 
In the form of graphite, and if such east iron (so oallwl grey oast 
iron) be dissolved In acid, the oarbon remains la the form of graphite. 
Graphite is toot with in nature, sometimes in the form of large com- 
pact masses, sometimes permeating rocky formations like the schists 
.or slates, and in fact is met with in those places whioh, in all probe* 
bility, have been subjected to the action of subterranean boat. 14 The 
graphite in cast iron, and sometimes also natural graphite, occasionally 
appears in a crystalline form in the shape of six-sided plates, but more 
often it occurs as a oompaot amorphous mass having the characteristic 
properties of the familiar blaok-lead pencil.'* 

The diamond is a crystalline mod transparent form of carbon. It is 

11 Thsrs are plaoas where anthracite' gradually ohsagss into graphite m the strata 
•ink. I myself had the opportunity of observing this gradual transformation in the 

volloy of Aotte. 

ia Pencils ore mad® of graphite workod op into a hamogimaoti* mws by dlainUgnt* 
ting, powdering, and cleansing it from earthy imparities; the Wat kind* or® mode of 
completely homogonoww graphite sawn op into fch® requisite slicks. Graphite In found 
in many plaooa In Eutwia tho ao-oaUed AlUmroftoky graphite I# |»rtlrwkriy r#»t»w*i#41 
it k found in the Altai mountains noar 4ht China**® frontier { in many j»l*fw« in Finland 
»and Ukawita on tbs bank* of th© IJttte Tungo«Aa» Bldorufl also found a 
quantity of graphites Whm mlm& with eky »fprwpbite t» om& for making «titriblns and 
poti for molting nuiteltw 

Graphite, like moil form* of oharooaf, atlU oontain* a mm in quantity of hydrogen, 
oxygon, and ash, no teat In It® natural state It 4o#a not otmtete hum* than M of 
osihan. 

In practice, graphite b purified simply by washing it wfom In a Altai?atat&» 
by which meant* the bulk of Urn earthy matter may 1m separated. Thu following pttmm** 
propownl hy I indie, consists in mixing the powdered graphite with part **f il» weight 
of potassium dW orate. Th# mixture It then heated with twice it« weight of strong 
sulphuric aoid until no more odurlfarcm* gases art* emitted; on msding, I he mutnre it 
thrown into water and washed i ten graphite is then dried and heated l« » red heal \ 
after this It shrink* considerably In volume and forms a very fine }«iw»ter« whteh 1* 
than waslukL Ily acting on graphite several times with a mixture «4 prjiawtium eMaral* 
and nitric} aaid heated up to tkf^, Brodte t«i*tifor*ft#tl It into * yellow towdublw mid 
iubstanoo whioh ha ealkd graphitic aold # CjiHtO*. Tim diamond remains tmohimgwd 
whan fwbjtwted to this treatiuo&t, whilst amorphous ohareoal it eottipfoUdy mteimil 
Availing hknatlf of this poasihiliiyof distinguishing graphite from tit# diamond or amor* 
phous oharonal, Iterthnlot showed that Whan tHxnpouudt of e*rt*m and hydrogen m% 
deoompwwd by boat, amorphous charotMd in mainly formed, whilst when eompotiwdn (if 
oarbon with «hloris«» sulphur, and boron m graphite k prhwjipaby 

atopotited, 
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bf rare occurrence in nature, awl is found Is tit© altovlut dfgMila if 
jthe diamond mines of Brazil, India, South Africa, Jfco. It has ®&m b®oa 
jfound in meteorites. 1 * It crystallise* In oofcahodra, dmlaobbedm, 
pubes, and other forms of the regular system 1 * The efforts which hart 
been- made to produce diamonds artificial!y»although tJtwy have m& bmm 
fruitless, have not m yet led to the production of ktge«*ited crystals, 
because those means by which crystals aro generally formal are 2n> 
applicable to carbon. Indeed, oarl>oa in ad! its forma bet tig imioluUo 
and infusible does not pass into a liquid condition by means of which 
crystallisation could take place. Diamonds have several times bmm 
successfully produced in the shape of rttlnuie crystals having the 
appearance of a black powder, but when viewed under the microscope 
appearing transparent, and possessing ttiat hardness which k tht 
peculiar characteristic of the diamond. Thk diamond powder k da* 
posited on the negative electrode, when * weak galvanic current is 
passed through liquid chloride of carbon. 111 u * 

Moissan (Paris, 1893) prod coed diaroomk artificially by mmm of 
the high temperature attained in the electrical furnace 11 by cfkst^vlssg 


15 bu Diamonds are found In a particular dona* rook, known by |H« wiPt# 
ifcacolmnnlte, and are dug out of tbs dibrl* pRCMlacml by Hi# dsMtawatiiiii of tbs 
ikacolumnite by water. When the Mbrk ie washed %h* diamond* tmmmln twbfad; lh*y 
are principaUy found in Brasil, in the provinces of Eia anti IkJtk, and at th» r*pw «t 
fiood Hope, The (Ubm give® the bkok or mwrfjham diamond, nft4 tit# 

ordinary colourless car yellow translaoent diamoodi. Am tha diiwnotpl pmmmm % my 
cleavage, the first operation oonslsts k splitting It Oust roughly amt i*My 
it with diamond powder. It is very strekrtil* that ItorfmwiM I*, A. f sOetdiMf 
Broleefl found (1887) diamond powder k a meteosio slaue wtikh 141 In tit# Ow*#** 
JZTl 7 a tt th ° distrfct 01 KmsnoHklxwIA, smnw tbs nAtknwttl of 8 «v«* Uwd 
osept. 10 ,1886). Up to that time charcoal and graphite fa spud*! variety, tlttemiM bad 
«?“} found vn meteorites and the diamond only eonj<tcttttri»d to omnir tharok. Th* «w* 
01 ‘ aio ® oo, ^ mMki itun f,, “ h , “ ,w » **• 

,0 , ttnd in Um > ,h *P® ot **»»“ »*»»., «»>' I'* »>■»* «••««* 

minute niAftAft a 7 k 0 O 0 ya© directly the surface k ground m broken tfc»y Ml ink 
fflnB is tyenerAiw ° m S mi 7 Lomond crystal* form a dan*# mmm IiIp anti 

3i*5Sf«- T* powkr mA ttewl far *ri n a»* **» «.—■ 

as hard as tho awk ° U 8X6 opaque and of a Mmsk #01011?. Booh diamond* mm 
atones, and also far mXif 6 }* ¥** U0 °d fw p^WbJ*sg diamonds and athar §»f##?#»«# 
TsaZ co ^ fl bo ^g and tunnelling. 

hydrocarbons (paraffin di&mon ^ 8 ^ ha^kg a mktnm of lt»t| Ii ^«4 

was not repeated. I® * iron tuba. TWtt imimUgmimm, 

^— * A - - ■*^ trn C0 kyention of and glv## th#» of 

Hi * Whlari m aA ± « * u 


ootaanmg a.temperature of aim° ZvxT< T® at> mul P w * r«#4l4lit, of 

butewmmtkosyhycboffGnfl,.^ * V/ ? ao ^ obtainabk in ordinary 

furnaceconsiBtec/two^A^^^cmnol exoood *»«#". Tit# 

«w W piaoe to, ih. °* f “ ma . wa one on th. other. A en.it, l» hm4» m 

tf * ob »to>of ienwcarbon, 0 * “trtmo* to be suited between twu Ikub 

Pemtee of 8,000° is ewn. obWn^ ^. “ ? mn!t ot *W •*»(*«••* let*- 

6d - M tt Ot a^O0» (|«« wnj^, end 10 
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carbon in molten CMt iron, And allowing tho solution with an 
exoes g of carbon, to cool under the powerful prwwuru wrOnl by 
rapidly cooling the motel 17 M * K. Ohrooxtohoff attained the aamo end 
by means of silver, which dissolves carbon to tho extent of W }'*’• 

vo lte) not only do all metals malt, bat even lima ami magnesia (when placed Si* th# a|*i«# 
between the carbon electrode#, i#. to the voltaic arc) bneom© soft mid crystal!)** m 
cooling. At 8,000° lima become* vary fluid, meteUto calcium ©oparate* 

oot and a carbon compound, which wwotoi liquid tat a long Item At tt«» tem¬ 
perature oxide of uranium la reduced to the mb®ukfa ami matel, almmi* mat r «* 
cryetal fu»® and partially veteitifiMh a» alao does alumina j platinum, #*14, and ***u 
carbon distinctly volatilise; the majority of the metal* farm carbide*. At such * bmi* 
peraturc also oast Iron and carbon gbra graphite, white awwlnf to Ibmmm* 
g,000° and 8,000° tho diamond paa*e* tote gmphit# and mnmtmlj graphite tote tfe* 
diamond, ao that thla it a kind of reversible reaction. 

it t>i* Moiaaan first investigated tho solution of carbon to molten instate (ami the 
formation of the carbide®) such aa magnesium, aluminium, Iron, manganese, «htvtfilttt?t, 
uranium, silver, platinum, and silicon. At the mam timo Priottel, owing to tit# dno*owry 
of tho diamond in meteoric iron, admitted that Urn formation of Ihn diamond to d*|*#n» 
dent upon tho influence of Iron and sulphur. With this object, that to to obtain fbt 
diamond, Pricdel caused sulphur to react upon sample* of cast Iron rtoli tn e*rt*tn< 111 a 
dosed vassal at a maximum. template** of WO*, and after dissolving Hit eutptiktft *fifwa 
formed, he obtain*# a small quantity of a black powder which •erutehed comudnm, w© 
diamond, Moisia&to eaperlmeafes (1888) turn mere eeacsestal, probably owing te hte 
having tmploysd tho oloetrtad Jtmiiua** If km bft mtemttd wtthaMrbm *1 ft ton* 
peraturc between 1,100° wad 8,000% than at 1400°-1,800° a winter# of wirtfptiwui* 
carbon and graphite is formed, while at 8,000° graphite alone is obtained in v*fp* 
beautiful crystals. Tim® under these conditions the diamond to not formed, and it ran 
only be obtained if tlm high temperature Iw aided by jKiwerfu! pressure*. For this 
purpose Moissan took advantage of tho pressure produced in the passage of a smm trf s 
molten emit iron from a liquid tote a solid state. II© first melted grams *.4 ten* 

to tho electrical furnace, and quickly Introduced a cylinder of t'urbnn lido lb© irndten 
Iron. He then removed toe crucible with the molten iron from the furnace ami |4n?tg©4 
it into a reservoir containing water. After treating *l& lording hydr*« htorie m »4* threw 
varieties of carbon were obtained** (l) a small amount of graphite (if tho %*> <Un$ te» 
rapid) j (8) carbon of a ehesteut colour to very fine twisted threads, showing that *1 Imt 
been subjected to a very high pressure (a similar variety was mot with in varhm* 
samples of the Canon Dlabolo), and lastly (8) an inconsiderable quantity *4 »n 
exceeding donee mass which was freed femn tho adtntoter© id the lighter tftmbfteatn.tt* 
by treatment with aqua raffia, sulphuri© and hydrofluoric aetds, and from whu-h 
by means of liquid bromoform (ftp. gr. ® tKM)), atieremtod in stqtaraUng «*mn» ntonH |4«w 
having a gmater density than hromoform, winch serati hod fho r»l*i and h# 1 ih© 
properties <»f the diamond. Home of tbe»« ponses wore black, other* w« *« ba,’t»| aiw.t 
and refracted light stmngly. The dark grey tint of the burner t*'»ei»ihl«» I tl.^i .? il»# 
black diamonds (earhonadu). Their density wa* l«niw©«m il ©nd as 4 he tt«s,*|«f#s»t 
apecimens had a greasy ap|Hnarane© anti seemml to lm t m it w«f# t eurroi»n*t« I t.y an 
envelop# of carbon. At l,0ltr* they did not burn ©ntlrel) m a * urtwnt ».f «r, m that the 
Imperfectly burnt partieka, and a peculiar fun® at grains of a light os4««t r-4 m t 
which retained their eryataJlIn© form,could tm ©aaifdiiwl iimlrf the iiiirtf** *<j # ib^ntot 
paint also remain after the hn|>©rf«ot roinbustton of tlm t^rdmaty diamond 
obtained the same results by rapidly cooling in a stream of ro4 gas a pie*# wf r*a«i % t 
saturated with carbon obtained from sugar anti first heated to %«»’ In t|n« 
h* cbtalned small cryatato of diamonds, K. Chrtmstehnflf showed tfiat at it# te«ihf*g 
point silver disadv** 0 pA of carbon. Tliia tllvw wan taphlly taatted, m thil * mmb 
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solid silbsiance® of orgwimm, contain a atoro or ttecmmuktton of 
internal power in the form of iho #‘ii«rgy binding tho atom* into compkix 
molecule*. When charcoal or complex compounds of burn, thf* 

energy of the carton and oxygen Is turned into hm% and this fact i* 
taken advantage of at every turn for the generation of heat from fuel,** 
No other two clement* are onjmhb of combining together In 
such variety as carbon and hydrogen. Tlio hydrocarbon® of the 
CJltm sorioa in many cates differ widely from each other, although 
they have some properttei In common. All hydrocarbon*, whether 
gaseous* liquid or solid* are combustible substance* sparingly soluble or 
insoluble in water. The liquefied gaseou* hydrocarbons, m will a* tiioa# 
which are liquid at ordinary temperature** and theme solid hydmearboai 
which have been liquefied by fusion, have the appearance and property 
of oily liquor*, more or less viscid, or fluid. 41 The solid hydrocarbon* 
more or less resemble wax m their properties, although ordinary oils 

CtfUflOj. The endeavours which have beta directed towards dsfcwrmlniug: Hi# mmiur# 
of complexity of the molecule# of chwrcojd, graphite, and the diamond wtU probably tl 

mm% period ImA to the station of this ptobtaa tad wfitt hums! Wufy pwv* tbit tb# 
vwdouft toms of oliMOOS-b mphll* and th# diamond «o*tai* rn^lmhsi of diifMttt sad 

dT ^©a^ing d «d ^ 

wide diffusion wad facility of formation of Hit c«boh|#ati« ooeteiiifog 0* (to 
oellnlosCy C«H 10 Oa, glaooso, C 6 ff«0 # ) give m$Mm to thtefciag that the group 0« It tfe# 
first wad simplost of those potsiblo to fro# carton, and it may to hoped that mat time 
or other it may be inedible to get carton In tills form. Perhaps in the diamond there 
may bo found such » relation totwmm tlio atoms m in tho tomsene group, and in chiowal 
such at in oartohydraim. 

m When cdwmxMd burns, tlio complex moton!# O* In rmuilvad into the simple molii- 
mlm tiOOsi and therefore part of the heat—protmbly no small amount i« expended la 
Cm dtsbrucHoa of the ©omptex motoul© C*. Rertops by burning tto most complex 
tubttenota* which sm the pooroet m Mgsids hydrogen, 1* «my to possible to form m 
idea of the work required to split up 0# Into aspirate atom#. 

n The vimnislty, or degree of mobility, of liquids is determined by tbtlf intern*! 
friction. It in estimated by panning the liquids through narrow (capillary) tub#*, th# 
mobile liquids pawing through with greater facility and spued tbjyri Hm vimM tmm» Th# 
vfsoomiy varies with the temperature ami nature the liquids, wad l» tb# mm of mlm* 
tinmi change* with the amount of the substance dissolved, but in not pro|M»rtion«JI to it, 
6o that, for example, with alcohol at ®0'* the viscosity will be fig, and for a 5»> p.e, self}* 
tion ICO, the viscosity of water toing taken m UXk Tim volume of tto hqtnd which 
passes through by experiment (iNtismulle) and theory (tltok*») m preporUomd to thn 
time, the preaxure, and the fourth power of the diameter «*f the (rapdtory) Into, and 
towwily pniportitnuU to the length of the tuto ; tins renders it |«*muhle to form w <m» 
parativc estimates of the coefficient* of iutornal friction and vlamstty. 

As tH« complexity of -the molecules of hydr*varl«»ti» ami ttotr ilerfmliftt iticreaetw 
by tb# addition of carbon (or CU 4 ) t so d*ies tlio td viscosity alw» rises Tim extern 

Hva mrku of InvimtJgattons referring to this »nh|w4 stilt await tl» tmmimjrf gpuemhaa. 
tto. That comieetum which (already pwily <»hservad} ought to exist tot ween til# 
viscosity and the other physical and clmmiral forces us to eumdude tl»t ttoi, 

ttftgultuds of intornal friction plays mu important |«ft in tnnWalaf uiechoato, I» 
bmsflgatlag organic cnmj«mnds ami aolwtioiw, similar mtmmAm might to stand to#* 
anmit. Many otoervot/om-j have «dfw% bn umh-, but Ml toi pi totti 
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carbons burn, and, according to too amount of carbon to ©y contain, 
their combustion is attended more or tea® with a separation of soot— 
that is, fin dj divided charcoal—which Impart® great briUteney to the 
flame, and on this account many of them are mil for tot purposes of 
fRumination—as* for instance, kerosene, coal gas, oil of turpentine. 
As hydrocarbons contain reducing elements (that 1% those capable of 
combining with oxygen)* they often act m reducing agents-as, for 
instance, when heated with oxide of copper, they burn, forming car¬ 
bonic anhydride and water, and leave metallic copper, Oerhardt proved 
that all hydrocarbon® contain an even number of hydrogen atoms. 
Therefore, the general formula for all hydrocarbons Is 0*11** where 
« and m are whole numbers. This fact is known as th$ law qf mmn 
numlwrs. Hence, the simplest possible hydrocarbons ought tq be: 
CHg, OH 4 , OH« , * . O g H», Ogli,, dJI* CgH« ... but they do not 
all exist, since the quantity of H which can combine with a certain 
amount of carbon is limited, as we shall learn directly. 

Some of the hydrocarbons are capable of eomMimilon, whilst others 
do not show that power. Those which contain less hydrogen belong to 
toe former category, and too#© which, lor a given quantity of carbon, 
contain the maximum amount of hydrogen, belong to toe latter. The 
composition of those last mentioned is expressed by the general formula 
0*H 3m+2 . Those so-called #aturat#d hydrocarbon# arc incapable of 
combination.** Tho hydrocarlxms CH#, C a H a , C 4 1I 10 , <fec. . . do not 
exist. Those containing the maximum amount of hydrogen will bo 
represented by CII 4 (»»l f 2n + 2 net 4), C 3 If„ (« * 2), C 3 H a (n «* 3), 
0 4 H to, Ac. This may be termed the law of limit#. Placing thiil in 
juxtaposition with the law of even numbers, it Is easy to perceive that 
tho possible hydrocarbons can be ranged in scries, tho terms of which 
may be expressed by tho general formula 0*11*,* tf €Jt im CJI**..* 
duo. . . Those hydrocarbons which Imlong to any one of the serial 

w#ak (1 p. 0 .) notation of imiumhim |KirmunKauate, KMnO*, at ordirmry tem©umlUr#s, 
they form glycol @—for bxwj*i» 1« # C 3 II 4 ytakt* C v II fl <) a . 

18 My article cm this* vubjaot «pi*tiurwi in the Journal of the Hi, Putemburg Academy 
of ScImuhui In iHfll. U© to that time, although many additive oomhinutmna with hydro* 
owbon® and their derivative worn known, they had tint \mm gtittemUtmd, and were even, 
continually quoted m mmm of aiutaMttitiofi, Thun the combination of ethylene, 0 t II 4# 
with chlorine*, (% h w« often r»§cartl»»t! m a f«n«»tkm of the product** of the substitution 
of €gll 5 0i and IfC’l, which ii wan were held ki§f«fhi»r m the water of prysteUisa- 

Um It in #a!te, Even writer Omit thi» (las?, Journal of tks Pttnitfak# AtmUmy) 1 
ccnaiderod aim liar m#o% as trite mniKitinda, lit gammO, aocxmltag te tit# law of Umite, 
6A unsaturated hydrocarbon, or its derivative, on combining with rXf, glv«» a atthsUaos 
which Is saturated or eltm af>g»roftrhmg the built The tavMtlgatkms of Frauklaad 
with many orgauu-rooteUta clearly showed the limit In the <hms% of roHte llto 

comp&unds, which we shall otmstanMy refer to later on. 



!M f*'J! !t't «.»? t HkMVtht 


axpwtitbl# by * g**M»*l It? * ## " M *»p r *41 

another. Thai, 0»® li/>lt »**» ''*■ 1 Wg * i^< 4 »t *\H , il t 

nr® iBfiiiWri t"*f fh* I^h^is #f «**• 't*^'** t i i* 1 1 ** # fl |4ij( 

That 1% lli® iliif*ti'iK^ t*rtw#*}4 t%*> # *h < w ^ ^ ° §4 ctf»s 

Kot only tfi# t^i* a 1 ** t*« § # '* t ^ 

& «ttw lilitl!« fU&nV ^ 14 * n iu »$<* p*f- g | I * ' » 4 ^ <* >iU ®t^i|* lf | 

of tho i#r»CJI # , #> *r* i p ^ * v ♦ ## « f 4 a U. 

whibt the** of ll«r» \JI H *** '»§**-“ * - r ^ **>*, 

nulphurio anhydrides *U »«4 *1 * * 4 ? ** 1 ^ ^ k 11,, ^ 

belonging tott» coal tit **tw 4 «* *** 4 * tuiM ** 1 4 • 1 ^ ^ j * # , \ 

* Cliaptur Vt,% anil hav* fcii#r |*tf«-H*«* Im " *1 k. * |W,v*| 

proport k» of III# »i«»#!•*!• f4 % u *rsi li 1 4t m § *, 1 s f i * 

wcl mmmt at tftl* 1 li# hotting |*i*i ti**# *o*i «b» ini«rf»al 

friction imtmjm m n ih m || # 

iralatbra amount nf mi\mt maI th* at«rt». ** * #ii , #<* *p / gmity 
ako regularly ohangM m m § iwt^t m 

Mmy dl lit hyAmmf^m tm% *iil# i^n$m *#« § 1 4 ^ u Mf 

wpkEiiroi, and da 11 *# bltnig U% 4 * ^4 ^ A tiiil gmi#f 

nambar am ftttsdatftd ailiifirffy, •#€ f t*^4 t ^ »» f6 i S1 umml 



CARBON AND THE HYDROCARBONS 


859 


/the combination of residues. For instance, if a mixture of tho vapours 
of hydrogen «ulphi<lo and carbon bisulphide be passed through a tub© 
in which copper is heated, this latter absorbs tho sulphur from both 
tho compounds, and tho liberated carbon and hydrogen combine to 
'form a hydrocarbon, methane* If carbon bo combined with any metal 
■and this compound MO* bo treated .with an acid HX, then tho 
haloid X will give a salt with the metal and .the residual carbon and 
hydrogen will give a hydrocarbon* Thu® cast iron which contains a 
(compound of iron and carbon gives liquid hydrocarbons like naphtha 
\under the action of acids. If a mixturb of bromo-b^asene, 0$H*Br t 
and ethyl bromide, C*H a Br, bo heated with metallic sodium, tho 
sodium combines with the bromine of both compounds, forming sodium 
bromide, N&Br. From the first combination the group G 6 H a remains, 
and from the second G a H a . Having an odd number of hydrogen atoms, 
•they, in virtue of tho law of even numbers, cannot exist alone, and there¬ 
fore combine together forming the compound C 0 H a .G 9 H a or O s H )0 
(ethylbenzene). Hydrocarbons are also produced by the breaking up 
of more complex organic or hydrocarbon compound®, especially by heat¬ 
ing—that is, by dry distillattoau For instance* gum*bensotn obntains 
•an acid called benzoic add, GiH^O*, the vapours of which, when passed 
through a heated tube, split up into carbonic anhydride, 00*, and 
benzene, O (J H 0 . Carbon and hydrogen only unite directly in one ratio 
•of combination—namely, to form acetylene, having the composition 
<yi* which, a® compared with other hydrocarbons, exhibits a very 
great stability at a somewhat high temperature** 0 

m If, at the ordinary temperatuwl (assuming therefore that tire water formed will b# 
Ik a liquid state) a gram mofoeufo (SS gram) ol acetylene, C«H^ be burst, 810 thousand 
calories will be emitted (Thornton), and a» IS grama of.oharoool product 97 thousand 
calories, and S grama ol hydrogen 89 thousand calories, it follows that, if the hydrogen 
and carbon of the acetylene were burnt there would bo only ft* 07+6®, or S6& 
thousand calorics produced. It it evident, then, that acetylene ha-ite formation absorb* 
810- 968, Or 47 thousand calorics. 

Fur eomddoraUomi relative to tho combustion of carbon compound®, we will first 
©numerate tho quantity of heat separated by the combustion of definite ohomlcal carbon 
oom|H>unds, and thou give a fow figures tearing on the kinds of fuel used in practice. 

For molecular quantities in perfect combustion the following amounts of heat are 
given out (when gaseous carbonic anhydride and liquid water are formed), according to 
Thomsen’® data (1) for gaseous CmH*!**: 6T8 + 188*8n thousand calorie® j (9) for 
CUlIf*: 17*7 + 18B‘1» thousand calories; (8) according to Stohmann (18BB) for liquid 
saturated alcohols, 0*H^+ S 0 1 ll*8+160*®n, and as tho latent teat of evaporation mahout 
8*a+6-6% In a gaseous state, 90*0+166*9*1; (4) lor monobasic saturated liquid adds, 
CUH^iO*06*8+1B4*S«> and m their latent boat of evaporation is about 6*0 + l*9n, in m 
gaeeous form, about—00+165n *, (8) for solid saturated bibptlo ael&s, CUB^-tOat 
—988*6 ♦ lBlPffo, If ttey,are expressed as 0*11^*0^04, then 5T4+108*6n j (6) for ben* 
sene and Its liquid homologues (still according to Stohmann) O*B^«-§te-WS i 0+166*|% 
and In a paeons form about—186+157n; <7) for the gmmm hosnofogua® ol ao®tytt»# f 
C*B*n~fi (according to ftete»8»)*~0+187», It If evident 4wm tkf plowing figure® 
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expressible by a general formula are said to be with one 

another. Thus, tho hydrocarbons CII 4> C s ll f> C^Hn, C 4 H| 0 > Ac. « « 
are members of the limiting (saturated) homologous series C*H t ***, 
That is, tho difference between the members of tho series is OH*.*® 
Not only th© composition but also tho proportion of tho members of 
a series tend to classification in on© group. For instance, th© members 
of the series OJEI**** are not capable of forming additive compounds, 
whilst those of the series C„H** are capable of combining with chlorine, 
sulphuric anhydride, Ac. ; and th© members of the group, 

belonging to the coal tar series, are easily nitrated (give nitre-compound^ 
Chapter VI.), and have other properties in common. Th© physical 
properties of the members Of a given homologous series vary in sumo 
such manner as this; the boiling point generally rises and th© internal 
friction increases as n increases 17 —that is, with an increase in th# 
relative amount of carbon and tho atomic weight; the specific gravity 
also regularly changes as n becomes greater. 1 ® 

Many of the hydrocarbons met with in nature are th© products of 
organisms, and do not belong to the mineral kingdom. A «till greater 
number are produced artificially. These are formed by what la teraed 


w The conception of homology has been applied fey Osthardt to *11 organic erne- 
pound* in Mb classical work, *TmIt4 de OMmie Oxgtxdque,* ftnishtd to \n% ft 
to whkh he divided all organic compound* into/of fy and aromatic, which I* in prteripl# 

atm adhered to at the pwuint time, although tbs lattsr am mm of Ion mXM trnnMmm 

derivative*, on account of the fact that Kekold, to Ms beautiful Investigation* on the 

structure of aromatic compounds, ihowed the pr§§uo«# la them nH of Dm * bmimm 

nucleus,’ 0A* 

97 This i« always true for hydrocarbons, but for derivative# of the lower hmmd**gu** Dm 
law is sometimes different; fOr instance, to the aorta* of a&tomted atadmls, <•*!!** * alOH), 
when n««0, we obtain water, H(OK)» which baUti at t0Q\ and whtm specific gravity at 
IS*-0*0999 j when n*»l, wood spirit OH#(OH), which boil# at M\ awl at l©" I mm a 
specific gravity*0*7064; when nm% ordinary alcohol, OftllriOll), teihtt§c at m \ 
gravity at 16°«O*79S0, end with further tocrease of Oil# lit# *peoifte graiity m* ?***»*« 
Por the glyools OmH^* (OH)* the phenomenon of a similar ktodi# atil! «»«♦!»* *trtk*t*g • at 
first the temperature of the boiling point and th# density increase, and then tor htghar 
(mow oompkx) member* of the series diminish, Th® reason tor this phenmnem^, it is 
evidont, must be sought for to th® toflnenoe and properties of water, ami that attmig 
affinity which, noting between hydrogen mod oxygen, determine* many of U>«t t»xr»»»ftott«l 
properties of water (Chapter £)« 

88 As, for example, to th® eaturated eerie* of hydrocarbons C»IIg*»t» the bmm 

member («-0) mutt bt tefcfit m hydrogen If*, a which (is, bdtow - «»") i* It*tt»#fl#4 
™ ^ oat and when to a liquid state bu doubtless a wry wmtt 

Where n« 1 , 9, 8 , the hydrocarbons OH*, C§Hf, OgHf are gatutn, more and mmm readily 
liquefiable. The tempemtw® of the abecdute boiling point tor CII 4 * * 1 C«% m \ tof 
h W»*s member* it rites. The hytociurbon C-M m !4*|ii«i» at 
al>o«sS 0 . 0As (there are several fsomsss) boil* at tmm +f» (Lvoff) to 87% 
from 68 to 78°. &o. The specific pmMm to a liquid state at |§» tu» 

a £? c 55«* c,oE “ c '* ll « 

0 68 W 6*7© 0*76 fl>p 
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(the combination of residues. For instance, if a mixture of the vapours 
of hydrogen sulphide and carbon bisulphide be passed through a tube 
in which copper is headed, this latter absorbs the sulphur from both 
'the compounds, and the liberated Carbon and hydrogen combine to 
[form a hydrocarbon, methane. If carbon be combined with any metal 
,and this compound MC n be treated ;with an acid HX, then the 
■haloid X will give a salt with the metaLand.the residnal carbqn and 
hydrogen will give a hydrocarbon. Thus cast iron which contains a 
^compound of iron and carbon gives Hquid hydrocarbons like naphtha 
iunder the action of acids. If a mixture of bromo-benzene, CgHgBr* 
and ethyl bromide, C 2 H 5 Br, be heated with metallic sodium, the 
sodium combines with the bromine of both compounds, forming sodium 
bromide, NaBr. From the first combination the group C 6 H 5 remains, 
and from the second C 2 H 5 . Having an odd number of hydrogen atoms, 
jthey, in virtue of the law of even numbers, cannot exist alone, and there¬ 
fore combine together forming the compound C 6 H ? .C 2 H 5 or C$Sio 
(ethylbenzene). Hydrocarbons are also produced by the breaking up 
of more complex organic or hydrocarbon compounds, especially by heat* 
rag—that is, by dry distillation. For instance, gum-benzoin cOntalna 
an acid called benzoic acid, C 7 i K 6 0 29 the vapours of which, when passed 
rthrough a heated tube, split up into carbonic anhydride, CO 2 , and 
benzene, C 6 H c . Carbon and hydrogen only unite directly in one ratio 
iof combination—namely, to form acetylene, having the composition 
O 2 H 2 , which, as compared with other hydrocarbons, exhibits a very 
great stability at a somewhat high temperature. 29 

89 If, at the ordinary temperatord (assuming therefore that the water formed will be 
tin a liquid state) a gram molecule (26 grams) of acetylene, C 2 H 2 , be burnt, 810 thousand, 
•calories will he emitted (Thomsen), and as 12 grams of. charcoal produce 97 thousand 
•calories, and 2 grams of hydrogen 69 thousand calories, it follows that, if the hydrogen 
and carbon of the acetylene were burnt there would be only 2x97+09, or 208 
thousand calories produced. It is evident, then, that acetylene in-its formation absorbs 
810 — 263, or 47 thousand calories. 

For considerations relative to the combustion of carbon compounds, we will first 
-enumerate the quantity of heat separated by the combustion of definite chemical carbon 
compounds, and then giye a few figures bearing on the lands of fuel used in practice. 

For molecular quantities in perfect combustion the following amounts of heat are 
given out (when gaseous carbonic anhydride and liquid water are formed), according to 
Thomsen’s data (1) for gaseous C n H 2 n+ 2 - 52*8 + 158*8?* thousand calories; (2) for 
•CnHjn; 17*7+ 158-ln thousand calories; (3) according to Stohmann (1888) for liquid 
saturated alcohols, CrH^^C): 11/8+166*8?*, and as the latent heat of evaporation « about 
8*2+ 0*6?*, in a gaseous, state, 20*0+156*9?*; (4) for monobasic saturated liquid acids, 
CnH^nOs:—95*8 +154*8», and as their latent heat of evaporation is about 5*0 +1*2?*, in a 
gaseous form, about—90+155n; (5) for solid- saturated bibp&ic acids, CnHgn-^O^* 
—258*8 +152*6?*, if they^are expressed as CnH^Cj^Q* then 51*4+152*6?* > (6) for ben* 
eene and its liquid homologues (still according to Stohmann) 0«Hon-«I—1$&*6+I561b*, 
-and in a gaseous form about—155+157?*; (7) for the gaseous homologues of acetylene § 
C tt H 2 a-Q {according to Tboip#$n)—5+l57», It is evident from the preceding figure® 
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There is one substance known among the saturated hydrocarbons 
composed of 1 atom of carbon and 4 atoms of hydrogen; this is a com¬ 
pound containing tho highest percentage of hydrogen (CH 4 contain* 
25 per cent, of hydrogen), and at tho same time it is the only hydro¬ 
carbon whose molecule contains but a single atom of carbon. This 
saturated hydrocarbon, OII 4 , is called marsh gas or tmlham* If 
vegetable or animal refuse suffers decomposition in a space where the 
air has not free access, or no acocas at all, then the decomposition m 
accompanied with the formation of marsh gas, and this either at the 
ordinary temperature, or at a comparatively much higher one. On this 
account plants, when decomposing under water In marshes, give out 
this gas. 29 u * It is well known that if the mud in bog® be stirred 
up, the act is accompanied with the evolution of a large quantity of 
gas bubbles, these may, although slowly, also separate of their own 

that the group CB* or CH$ substituted for II, on burning gives out from 181 to 
169 thousand calories. This is less than that given out by C + II*, which is 97 + 09 or ISO 
thousand; the reason for this diflerenoe (it would be ifcill greater If carbon wore gaseous) 
is the amount of heat* separated during the formation of OH* According to Blob* 
maun, for dextrogluoose, CgH^Oe, it ia 67**7 1 for common sugar, CuHtiOu, 1*96*7; fet 
cellulose, C a H l0 Oa, 678*0 ; starch, 677*6 ; dextrin, 666*9 j glycol, CjH e O a , 281*7; glycerine, 
897*2, &c. The heat of combustion of the following solid# (determinecl by 8tohm**m) k 
expressed per unit of weight: naphthalene, C*^II#, 9,621; cum, CH«KtO, *,466; whit# of 
egg, 6,679; dry rye bread, 4,491; wheaten bread, 4,609; tallow, 9,166; batter* 9,Iff; 
Unseed oil, 9,828. The most complete odlectlon of arithmetical data for the beat* of 
combustion win be found In V. F. Longiuin’e work, * Description of tho Various Method* 
of Determining the Heats of Combustion of Organic Compound* * (Moscow, MM). 

The number of units of heat given out by unit weight during the complete combustion 
and cooling of the following ordinary kinds of fool in their usual state of dryness and 
purity are:—(1) for wood obarcoal, anthracite, semi-anthraolie, bituminous coal and w4ss* 
from 7,200 to 8,200; (2) dry, long darning coals, and the best brown cmda, from fi.990 to 
6,800; (8) perfeotly dry wood, 8,600; hardly dry, 2,000 * W perfectly dry peat, best kind, 
4,600; compressed and dried, 8,000; (6) petroleum refuse and similar liquid hydrocarbons, 
about 11,000; (6) illuminating gas of the ordinary composition (about 48 vole. II, 49 vole, 
CH*, 6 vols. CO, and 6 vols. N), about IfybOO ; (7) producer gas (so* next Chapter), ®m» 
tabling 2 vols. carbonio anhydride, 80 vols. carbonic oxide, and 68 vols. nitrogen /or ms 
part by weight of the whole carbon burnt, 0,800, and for one part by weight id the gae* 
610, units of heat; and (8) water gas (see next chapter) containing 4 vda carbonic anhy¬ 
dride, 8 vols. Ha, 24 vols. carbonio oxide, and 46 vols, H§, for one part by weight of the 
carbon consumed in the generator 10,900, and for one part by weight of tho gas, >£0Q 
units of heat. In these figures, as in all calorimetric observations, the water produced 
by the combustion of the fuel is supposed to be liquid. As regards the temperature 
teaohed'by the fuel, it is important to remark that for solid fuel it Is fodtegHmaabk to 
admit (to ensure complete ooxnhuetion) twice tho amount of air required, but liquid, or 
pulverised fuel, and especially gaseous fuel, does not require «a «e#«§ of air \ 
akOogram of charcoal, giving 8,000 units of hoot, requires about 24 kilor»»® <* **r (I 
kilograms of air per thousand calorics) and a kilogram of producer gac require* only 
0*77 kilogram of air (0*86 kilo, of air per 1,000 caloric*), 1 Mlegram of water mm shts* 
4*8 of air (1*26 kilo, of air per 1,000 calories). 

»»u Manure whloh dsoompoees under tire motion of Uoteria girt. oS CO# m*J 
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accord. The gas which is evolved consists principally of marsh gas.** 
If wood, coal, or many other vegetable or animal substances are decom* 
posed by the action of heat without access of air—that is, are subjected 
to dry distillation—they, in addition to many other gaseous products 
Of decomposition (carbonic anhydride, hydrogen, and various other 
substances), evolve a great deal of methane. Generally the gas which 
is used for lighting purposes is obtained by this means and therefore 
always contains marsh gas, mixed with dry hydrogen and ^ther vapours 
and gases, although it is subsequently purified from many of them. 51 

30 it is easy to collect the gas which is evolved in marshy places if a glass bottle be 
Inverted in the water and a funnel put into it (both filled with water); if the mud of the 
bottom be now agitated, the bubbles which rise may be easily caught by the inverted 
funnel. 

31 Illuminating gas is generally prepared by heating gas .coal (see Note 6) in oval 
cylindrical horizontal cast-iron or clay retorts. Several such retorts J BJ3 (fig. 58) are 
disposed in the fumaoe A t and heated together. When the retorts are heated to a 
red heat, lumps of coal are thrown into them, and they are then closed with a closely 
fitting cover. The illustration shows the furnace, with five retorts. Coke (see Note 1, 
dry distillation) remains in the retorts, and the volatile products in the form of vapours 
and gases travel along the pipe d, rising from each retort. These pipesbranch above 
the stove, and communicate with the receiver / (hydraulic main) placed above the furnace. 
Those products of the dry distillation which most easily pass from the gaseous Into the 
liquid and solid states collect in the hydraulic main. From the hydraulic main the 
vapours and gases travel along the pipe g and the series of vertical pipes; (which ore 
Sometimes cooled by water trickling over the surface), where the vapours and gases cool 
from the contact of the colder surface, and a fresh quantity of vapour condenses. The 
condensed liquids pass from the pipes g and; and into the troughs JET. These trough® 
always contain liquid at a constant level (the excess flowing away) so that the gas cannot 
escape, and thus they form, as it is termed, a hydraulic joint. In the state in which it 
leaves the condensers the gas consists principally of the following vapours and gases: 
(1) vapour of water, (2) ammonium carbonate, ( 8 ) liquid hydrocarbons, (4) hydrogen sul* 
phide, H 2 S, (5) carbonic anhydride, C0 2 , ( 6 ) carbonic oxide, CO,,(7) sulphurous anhy* 
dride, S0 2 , hut a great port of the Hluminatmg gas consists of ( 8 ) hydrogen, (9) marsh 
gas, ( 10 J olefiamt.gas, C 2 H 4 , and other gaseous hydrocarbons. The hydrocarbons ( 8 , 9, and 
10 ), the hydrogen, and carbonic oxide are capable of combustion, and are useful com* 
ponent parts, hut the carbonic anhydride, the hydrogen sulphide, Und sulphurous anhy*> 
dride, as well as the vapours of ammonium carbonate, form an injurious admixture, 
because they do not bum (C0 2 , S0 2 ) and lower the temperature and brilliancy of the flame, 
or else, although capable of burning (for example, H 2 S, CS 2 , and others), they give out 
during combustion sulphurous anhydride which has a disagreeable smell, is injurious 
when inhaled, and spoils many surrounding objects. In order to separate the injurious 
products, the gas is washed with water, a cylinder (not shown in the illustration) filled 
with coke continually moistened with water serving for this purpose. The water coming 
into contact with the gas dissolves the ammonium carbonate; hydrogen sulphide, car¬ 
bonic anhydride, and sulphurous anhydride, being only partly soluble in water, have to 
be got rid of by a special means. For this purpose the gas is passed through moist lime 
or other alkaline liquid, as the above-mentioned gases have acid properties and are 
therefore retained by the alkali. In the -case of lime, calcium carbonate, sulphite and 
sulphide, all solid substances, are formed. It is necessary to renew the purifying 
material as its absorbing power decreases. A mixture of lime and sulphate of iron, 
FeS0 4 , acts still better, because the latter, with lime, Ca(HO) 2 , forms ferrous hydroxide, 
Fo(HQ ) 2 and gypsum, CaS0 4 . The suboxide (partly turning into oxide) of iron absorbs 
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As the decomposition of tho organic matter which forms coal, it at ill 
going on underground, the evolution of largo quantities of marsh gas 

H*S, forming F©8 anti H s 0, and tho gypsum retains the remainder of the ammonia 
tho excess of lime absorbing carbonic anhydride and sulphuric anhydride. [In English 
works a native hydrated ferric hydroxide Is used for removing hydrogen sulphide.) 
This purification of th© gas takas place In th© apparatus L, whore th© gw passes through 
perforated trays m» covered with sawdust mixed with lim© and sulphate of iron. It it 
nooessary to remark that In tho manufacture of gas it is tadiepanuahlo to draw off tho 
vapours from tho retorts, so that they should not remain there long (otherwise tho 
hydrocarbons would in a eonsldwabls degree bo resolved into charcoal and hydrogen), 
and also to avoid a great pressure of gas in the apparatus, otherwise a quantity of gas 
would escape at aU cracks such m must inevitably exist in such & complicated arrange¬ 
ment. For this purpose there are special pumps (exhausters) so regulated that they 
only pump off the quantity of gas formed (the pump I* not shown in the illustration). 
The purified gas passes through the pipe n into the gasometer (gasholder) JP, a dome 
made of iron plate* The edges of tho dome dip into water poured into a ring-shaped 
channel g> in which the sides of the dome rise and fall. The gas is collected in this 
holder, and distributed to its destination by pipes communicating with the pipe o, issuing 
Grom the dome. The pressure of the dome on the gae 
enables it, on issuing from a long pipe, to penetrate* 
through the small aperture of th© burner. A hundred 
hHogrems of coal glvo.about 90 to SO cubic metres of gat, 
having a density from low to nine Umm greater than that 
of hydrogen. A cubic metre (1,000 litres) of hydrogen 
weigh© about 67 grumes therefore 100 Mlngmm» of need 
give about 18 kilogram* of gas, or about one-sixth of its 
weight. Illuminating gas k generally lighter than marsh 

C os It contains a considerable amount of hydrogen, and 
nly heavier than marsh gas when it contains much of 
the heavier hydrocarbons. Thus olefiant gas, k 

fbnrteen times, and the vapour* of benrene thirty-nine 
times* heavier than hydrogen, and illuminating gas some¬ 
times contain* 10 p.c, of its volume of them. The brilliancy 
of the fiame of the gas InereMes with tho quantity of 
olefiant gas and similar heavy hydremrbMs, at it then 
contains more carbon for a given volume and a great#* 
number of carbon partkke are separated 0as usually 
contains from 80 to 80 p.o. of its volume of mareb gas, from 
00 to 60 p.o. of hydrogen, from 8 to 6 p.c. of carbonic oxide, 
from 2 to 10 p.o. heavy hydrocarbons, and from 8 to 10 p,e» 
of nitrogen. Wood gives almoit tho same sort of gas as 
coal and almost th© same quantity, but the wood gas con¬ 
tains a great deal of carbonic anhydride, although on tho 
other kmd there is an almost complete absence of sul¬ 
phur compounds. Tar, oils, naphtha, and such materials 
furnish a large quantity of good illuminating gas. An 
ordinary burner of 8 to 12 candle-power bums S to 6 cubic Bkwpjpa A i r Js 

fbet of coal gas pc* hour, but only 1 cable foot of naphtha 10 

gnu. One pood (80 lbs, Eng.) of naphtha give* 806 eabk ftmpss k a fine stream 
feet of gas—that is. one kilogram of naphtha producers about wSw^x^SSTcftft^ 

<o»e cubic meter© of gs*. The formation of comhustihle gas tuba 
by heating coal was discovered In the beginning of the hunt 

century, hut only put into practice towards the «nd by Lt-Bon In Franc# and Murdoch 

Ip England. In Ku^krah .Murdoch, (OKothor with tho renowned Wait* built tho first 
gw Works ip 1866- 





-and has no communication whatever with the explosive* mixture mmpfc 
through a wire gauze which prevent* it igniting the mixture of th« 
marsh-gas issuing from the oo&l with air. In mtm districts, particularly 
in those where petroleum is found—as, for iKistanoa, nmr Baku, where 
a temple of the Indian fire-worshippers wm built, and In !«»§•% 

and other places—marsh gas in abundance Ismm from the earth* and 
it is used, like ooal gas, for the purposes of lighting mi wanutag** 1 


in practice illuminating gm it not only until for lighting (ekeirteit y anil Item mm mm 
cheaper in Russia), but also as the motive power ter gw sagtots {*m p. ITIf, whmk mm* 
sum© about half a cubic metre par hozite-power per hoar; pi i« also uaed in 
for heating purpose. When it ie nmmway to concentrate Am heat, tnHwr the 
blowpipe (fig. 59) it applied, placing the and in th# flame md blowing ibf#ngli tit* mmm&k* 
pieo©; or, in other forma, gaa 1# paused through the blow-pip#; whan » large, h*4, 
leea flame is required for heating cruoibie* or glaaa-blowing, a teoi>blower lit tmed. 
temperatures, which ax© often required for laboratory and mannfaoturing pur|»* *«#*»*, e#« 
most easily attained by the uaa of gaseous fuel (illuminating gas, producer gaa, 
water gas, which will be treated of in the following chapter), because <&»mptet** 



Pro. 60.*—Davy eaf( 
{Modern & 


®yM»d«r end the wfet gsass. To enatun* ifwmAm 
safety the lamp mam ot be opened without «m«»» 
guiohing t he 

BeteoWm ^^^ (be ’T a . a>e “<*“**»M twuv o* ft# »hiv(ta imiitt few 

petroleum only snuttea gaa, but muy nsafol application* for it ««. hmod tmA H wm 
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Tolerably pure marsh gas 38 may be obtained by heating a mixture of an 
acetate with an alkali. Acetic acid, C 3 H 4 0 2 , ou being heated is decom¬ 
posed into marsh gas and carbonic anhydride, G a H 4 0 3 *50H 4 + COg. 

An alkali—for instance, KaHO—-gives with acetic acid a salt,. 
CaHjjNaOa, which on decomposition retains carbonic anhydride, form* 
ing a carbonate, 2Na 2 C0 3 , and marsh gas is given off :> 

C a H 8 NaO a +HaH0s5Nra a C0 8 + CH 4 

Marsh gas is difficult to liquefy; it is almost insoluble in water* 
and is without .taste or smell. The most important point in connection 
with its chemical reactions is that it does not combine directly with 
anything, whilst the other hydrocarbons which contain less hydrogen 
than expressed by the formula are capable of combining with 

hydrogen, chlorine, certain acids, &c. 

If the law of substitution gives a very simple explanation of the 
formation of hydrogen peroxide as a compound containing two- 
aqueous residues (OH) (OH), then on the basis of this law all hydro? 
carbons ought to b© derived from methane, 0H 4 , as being the simplest 
hydrocarbon. 36 The increase in complexity of a molecule of methane 
is brought about by the faculty of mutual combination which exists in 
the atoms of carbon, and, as a consequence of the most detailed study 
of the subject, much that might have been foreseen and conjectured 
from the law of substitution has been actually brought about in such 
a manner as might have been predicted, and although this subject 
on account of its magnitude really belongs, as has been already stated; 
to the sphere of organic chemistry, it has been alluded to here in order 
to show, although only in part, the best investigated example of the 
application of the law of substitution. According to this law, a mole¬ 
cule of methane, OH 4 , is capable of undergoing substitution in the four 
following ways :—(1) Methyl substitution, when the radicle, equivalent 
to hydrogen, called methyl CH 8 , replaces hydrogen. In CH 4 this 
radicle is combined with H and therefore can replace it, as (OH) 
replaces H because with it it gives water ; (2) methylene substitution* 
or the exchange between H 2 and CH a (this radicle is called methylene),, 
is founded on a similar division of the molecule CH 4 into two equiv^ 

oonduoted in metallio pipes to works hundreds of miles-distant, principally for metal* 
iurgical purposes. 

54 The purest gas is prepared by mixing the liquid substance called zinc methyl, 
Zn(CH 3 ) 2 , with water, when the following reaotion occurs: 

Zh(CH 3 ) 2 + 2 HOH =* Zn(HO)$+ 2 OS 5 H. 

80 Methylene, CEL*, does not exist. When attempts are made to Obtain it (for 
example, by removing from 00 %), or CjHq are produced—that is to say, it 
undergoes polymerisation. 
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(CH) (OH), or acetylene, both the latter being unsaturated hydro¬ 
carbons. Thus we have all the possible hydrocarbons with two atoms 
of carbon in the molecule, C 2 H 6 , ethane, C 2 H 4 , ethylene, and C 2 H 2 , 
acetylene. But in them, according to the law of substitution, the 
same forms of substitution may be repeated—that is, the methyl, 
methylene, acetylene, and even carbon substitutions (because C 2 H 6 will 
still contain hydrogen when C replaces H 4 ) and therefore further sub¬ 
stitutions will serve as a source for the production of a fresh series of 
saturated and unsaturated hydrocarbons, containing more and more 
carbon in the molecule and, in the case of the acetylene substitution 
and carbon substitution, containing less and less hydrogen. Thus by 
means of the law of substitution we can foresee not only the limit 
C„H 2jl+2 , but an unlimited number of unsaturated hydrocarbons, C tl JIl, 9 
CJEJan- 2 " • 1 • C, t H 2 (n- m ), where m varies from 0 to n—l, 38 and 
where n increases indefinitely. From these facts not only does the 
existence of a multitude of polymeric hydrocarbons, differing in mole¬ 
cular weight, become intelligible, but it is also seen that there is a possi¬ 
bility of cases of isomerism with the same molecular weight. This 
polymerism so common to hydrocarbon compounds is already apparent 
m the first unsaturated series CJEI^ because all the terms of this 
series C 2 H 4 , 0 8 H 6 , C 4 H 8 , , < « C 30 H 60 have one and the 

same composition CH 2 , but different molecular weights, as has been 
already explained in Chapter VII. The differences in the vapour 
density, boiling points, and melting points, of the quantities 
entering into reactions, 80 and the methods of preparation 4 . 0 also so 
clearly tally- with the conception of polymerism, that this example will 
always be the clearest and most conclusive for the illustration of 
polymerism and molecular weight. Such a case is also met with among 
other hydrocarbons. Thus benzene, C 6 H 6 , and- dnn&mene, C 8 H 8 , 
correspond with the composition of acetylene or to a compound of 
the composition CH . 41 The first boils at 81°, the second at 144°; 

sa ‘When m=n- 1, we have the series € n H 2 . The lowest member is acetylene, C 2 H 2 . 
These are hydrocarbons containing a minimum amount of hydrogen. 

50 For instanoe, ethylene, C 2 H 4 , combines with Br 2 , HI, H 2 S0 4) as a whole molecule, 
as also does amylene, C 5 Hk» and, in general, OnH^. 

40 For instance, ethyleije is obtained by removing the water from ethyl alcohol, 
C 2 H<,(OH), and amylene, O 5 H l0 , from amyl alcohol, C 5 Hj l (OH), or in general C»H 2 >i, from 

41 Acetylene and its polymerides have an empirical composition CH, ethylene attdl 

its homologues (and polymerides) CH 2 , ethane CH 3 , methane CH 4 . This series presents 
a good example of the law of multiple proportions, but such diverse proportions are met 
wjth between the number of atoms of the carbon and hydrogen fn the hydrocarbons 
already known that the accuracy of Dalton’s law might be doubted. Thus the substances 
CsoHes and differ so slightly in their composition l?y weight as to be within the 

limits of experimental error, but their reactions and properties are so distinct that they 

*4 
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the specific gravity of the first it 0 * 899 ; that of tb# OF 13 , it 

0 °—that is, hero also the boiling point rljp?§ with tlto Ittcr**^ 4 
molecular weight, and to also, as might be sxpoetod, tinea lit* 

Cases of isomerism in the restricted emits of th«* w *%*4 ^ 

when with an Identity of composition tael of motarolsr w*d$h\ 1I4 
properties of the substances aw different—are mrj intmefVMt 
the hydrocarbons and their derivatives* Such ©m** mm psurti^aWli 
important for the comprehension of molecular mtrnmmm wn 4 
also, like the polymeries, may ho predicted from the >ui 

conception^ expressing the principles of the structure of tW 
compounds 48 based on the law of substitution* A ©cording *«» **» fw 
example, it Is evident that there cm be no Isomerism in om** 4 
the saturated hydrocarbons € t If# and 0*H*, bee**** the f *«v n it 
OH4, in which methyl has taken the phm of If, atnl as *11 U* 
hydrogen atoms of methane must b© supjwMr*! to hav# 
relation to the carbon, it is all the same which of tlitw b# swbywtfti 
to the khethyl substitution~>tbe resulting product mn only W 
OH3OH3; 48 the same argument also applies In tba ^ 

pane, CH 9 0E $ CH $> where ©at compound only can tow Ii 


can be distinguished beyond a doubt. Without Dalton'* lew thmumWj # % *» % t**» 

been brought to It» present condition, but It ?mm& *l**i4« e*ft**« IS ®1, >*** coi¬ 
tions which arc quite dearly understood and ftftdttittf! by the i*** ^4 **'“<*>**'’ 
O-oriumU. 

s TOw conception of the structure of eerben compound#""*'tbet 1% tlw peps*-*** 4 
those unions and ooneslattoM which tbslr atom* here la the welawn We * f • < * 
time limited to the rtpwsimtetloa Ant ovgunle iubsUiie## ,•*.<?*$ 1 * a «**»;» 

(for instance, ethyl 0 *H*, methyl CH», phenyl C«H#» 1 * th*®» **' et th* ?*•»* I * * : »*« 

phenomena of wbitltntlonanfl A#»3nr%t|»iii#net of the prtaltict* *»f v© *«*< *i> * * ^ u# 
primary bodies (nuclei and type#) were observed, but li wna nut mm%4 aW«* 

I860 and later when on the on# hand the teaching of OcrWfdi *b«w*s m 

spreading, and on the other hand the materials had f * 4'**'# **<»•*$ »W 

transformation* ol the simplest hydrocarbon competm*!#, the! e***pwriur«* *■«*** % 
appear as to the mutual connection of the atoms of carbon in tfi® m ' U* t v .* * «* 


ylex hydrocarbon compound** Thtt* Kekukand A. M, Bull#?#!! !*«*»* **- f. *wv ft* 
connection between the ftipaml© atom* of carbon, regarding it as » etvwt ai*«unM, 

Although in their methods of expression end la tome of their ci*w* ili#y <!■ fi 
o^ter .and also fepm the way in which the subject it treated In Stil» *r*»ti* ?«i -*4w« 

of the^mattcr-«aamtly, th® #f theesaaesol mv>% f 1 ? • 

betwemi the separata atoms of ^bon-HPta»l»i the seme, la «44tf *<«% »«> eaweag 
from the yea* 1870, there* eppman a tendency which from year §« $?»** •« ♦*.»» * ^ 
cover the actual special, distribution of the atoms la tit# tit iWch*. %1 ** * i 1 ' At 

endeavours cl Le-Bel (1874), Tan ’4 Hoff (Idl'd), and Wiilioeuua #* 1 »I* #» t i&.«« 

# i? om f ri8m 7 , ^ l i cl1 , 48 ^ different Isomeride* m the ^*'-sfci»st 

°n o* Ught-ttU tondaitwy promiw* »mph t-r rh^m^ *i «... »*■ *, 

of ,* h 5 Btfll to P® rfeot kwwWte* to telution to tol* m»u*f »*»t to 
»oi to sp«M wo** dovoted to arp^xlo oW.t^, 

OL *** h£W * T ® r CHaX to jwbjwtwI (*»,«•* % -1• •* »*■*«. 

ptod by bydrogBa mta to s*oa»o#a, or in Oil*, lb* by 4 *vvp« fey ««'•«* 
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is to be expected, however, that there should be two butanes, C 4 H 10 , 
and this is actually the case. In one, methyl may be considered 
as replacing the hydrogen of one of the methyls, 6H 3 CH 2 CH 9 CH 3 ; 
and in the other CH 3 may be considered as substituted for H in 

CH 

CH 2 , and there it will consist of CH 3 CH The latter may 

also be regarded as methane in which three of hydrogen are exchanged 
for three of methyl. On going farther in the series it is evident that 
the number of possible isomerides will be still greater, but we have 
limited ourselves to the simplest examples, showing the possibility and 
actual existence of isomerides. C 2 H 4 and CH 2 CH 2 are, it is evident, 
identical; but there ought to be, and are, two hydrocarbons of tho 
composition 0 3 H 6 , propylene and trimethylene ; the first is ethylene, 
C3H 2 CH 2 , in which one atom of hydrogen is exchanged for methyl, 
CH 2 CHCH 3 , and trimethylene is ethane, CH 3 CH 3 , with the substi¬ 
tution of methylene for two hydrogen atoms from two methyl groups— 
OH 

that is, £jj 2 CH 2 , 44 where the methylene introduced is united to both 

the atoms of carbon in CH 3 CH 3 . It is evident that the cause of 
isomerism here is, on the one hand, * the difference of the amount 
of hydrogen in union with the particular atoms of carbon, and, on the 
other, the different connection between the several atoms of carbon. 
In the first case they may be said to be chained together (more usually 
to form an open chain *), and in the second case, to be locked together 
(to form a * closed chain 7 hr * ring'). Here also it is easily understood 
that on increasing the quantity of carbon atoms the number of possible 
and existing isomerides will greatly increase. If, at the same fcime ? 
in addition to the substitution of one of the radicles of methane for 
hydrogen a further exchange of part of the hydrogen for some of 
the other groups of elements X, Y . . . , occurs, the quantity of 
possible isomerides still further increases in a considerable degree. 
For instance, there are even two possible isomerides for the derivatives 
of ethane, C 2 H 6 : if two atoms of the hydrogen be exchanged for 

means is replaced by X, or else, for instance, if CH 5 X be obtained by the decomposition 
of more complex compounds, the same product is always obtained. 

This was shown in the year 1860 , or thereabout, by many methods, and is the funda¬ 
mental conception of the structure of hydrocarbon compounds. If the atoms of hydrogen 
in methyl were not absolutely identical in value and position (as they are not, for instance, 
In CH5CH2CH3 or CH 3 OH 2 X), then there would be as many different forms of CH S X 
as there were diversities in the atoms of hydrogen in CH4. The scope of this work does 
not permit of a more detailed account of this matter. It is given in works on organic 
chemistry. 

44 The union of carbon atoms in closed chains or rings was first suggested by KekulS 
as an explanation of the structure and isomerism of the derivatives of benzene, C«H« 9 
forming aromatic compounds (Note 26 ). 
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Is the lowest known member of the nnsaturated hydrocarbon, series of 
the composition C M H 2m . As in composition it is equal to two molecules 
of marsh gas deprived of two molecules of hydrogen, it is evident that 
it might be, and it actually can be, produced, although but in small" 
quantities, together with hydrogen, by heating marsh gas. On being 
heated, however, olefiant gas splits up, first into acetylene and methane 
(3C 2 H 4 = 2C 2 H 2 + 2CH 4 , Lewes, 1894), and at a higher tempera¬ 
ture into carbon and hydrogen $ and therefore in those cases where 
marsh gas is produced by heating, olefiant gas, hydrogen, and charcoal 
will also be formed, although only in small quantities. The lower the 
temperature at which complex organic substances are heated, the 
greater the quantity of olefiant gas found in the gases given off; at a 
white heat it is entirely decomposed into charcoal and marsh gas. If 
coal, wood, and more particularly petroleum, tars, and fatty substances, 
are subjected to dry distillation, they give off illuminating gas, which 
contains more or less olefiant gas. 

Olefiant gas, almost free from other gases, 46 may be obtained from 
ordinary alcohol (if possible, free from water) if it be mixed with five 
parts of strong sulphuric acid and the mixture heated to slightly above 
100°. Under these conditions; the sulphuric acid removes the ele¬ 
ments of water from the alcohol, C 2 H 6 (OH), and gives olefiant gas ; 
C 2 H 6 0 = H 2 0 -f C 2 H 4 . The greater molecular weight of olefiant gas 
compared with marsh gas indicates that it may be comparatively easily 
converted into a liquid by means of pressure or great cold; this may 
bo effected, for example, by the evaporation of liquid nitrous oxide* 
Its absolute boiling point is 4 10°, it boils at — 103° (1 atmosphere), 
liquefies at 0°, at a pressure of 43 atmospheres, and solidifies at — 160°. 
Ethylene is colourless, has a slight ethereal smell, is slightly soluble in 
water, and somewhat more soluble in alcohol and in ether (in five 
volumes of spirit and six volumes of ether). 47 

•w Ethylene bromide, CaHjBrj, when gently heated in alcoholic solution with finely 
divided zinc, yields pure ethylene, the zinc merely taking up the bromine (Sab&neyeff). 

47 Ethylene decomposes somewhat easily under the influence of the electric spark, 
or a high temperature. In this case the volume of the gas formed may remain the 
same when olefiant gas is decomposed into carbon and marsh gas, or may increase to 
double its volume when hydrogen and carbon are formed, CgH^^CI^+C ==20 + 2 ^ 3 , 
A mixture of olefiant gas and oxygen is highly explosive; two volumes of this gas require 
eiix volumes of oxygen for its perfect combustion. The eight volumes thus taken then 
resolve themselves into eight volumes of the products of combustion, a mixture of water 
and carbonic anhydride, C 2 H 4 +30 2 =2C0 2 +2H 2 0. On cooling after the explosion 
diminution of volume occurs because the water becomes liquid. For two volumes of the 
olefiant gas taken, the diminution will be equal to four volumes, and the same for marsh, 
gas. The quantity of carbonic anhydride formed by both gases is not the same. Two 
volumes of marsh gas give only two volumes of carbonic anhydride, and two;volul "8 ol 
ethylene give four volumes of carbonic anhydride. 
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Is the lowest known member of the unsaturated hydrocarbon series of 
the composition C M H 2n . As in composition it is equal to two molecules 
of marsh gas deprived of two molecules of hydrogen, it is evident that 
it might be, and it actually can be, produced, although but in small" 
quantities, together with hydrogen, by heating marsh gas. On being 
heated, however, olefiant gas splits up, first into acetylene and methane 
(3C 2 H 4 = 2C 2 H 2 4- 2CH 4 , Lewes, 1894), and at a higher tempera¬ 
ture into carbon and hydrogen; and therefore in those cases where 
marsh gas is produced by heating, olefiant gas, hydrogen, and charcoal 
will also be formed, although only in small quantities. The lower the 
temperature at which complex organic substances are heated, the 
greater the quantity of olefiant gas found in the gases given off ; at a 
white heat it is entirely decomposed into charcoal and marsh gas. If 
coal, wood, and more particularly petroleum, tars, and fatty substances, 
are subjected to dry distillation, they give off illuminating gas, which 
contains more or less olefiant gas. 

Olefiant gas, almost free from other gases, 46 may be obtained from 
ordinary alcohol (if possible, free from water) if it be mixed with five 
parts of strong sulphuric acid and the mixture heated to slightly above 
100°. Under these conditions,' the sulphuric acid removes the ele¬ 
ments of water from the alcohol, C 2 H 5 (OH), and gives olefiant gas j 
C 2 H 6 0 = H 2 0 4- C$H 4 . The greater molecular weight of olefiant gas 
compared with marsh gas indicates that it may be comparatively easily 
converted into a liquid by means of pressure or great cold ; this may 
bo effected, for example, by the evaporation of liquid nitrous oxide. 
Its absolute boiling point is 4 10°, it boils at — 103° (1 atmosphere), 
liquefies at 0°, at a pressure of 43 atmospheres, and solidifies at — 160°. 
Ethylene is colourless, has a slight ethereal smell, is slightly soluble in 
water, and somewhat more soluble in alcohol and in ether (in five 
volumes of spirit and six volumes of ether). 47 

40 Ethylene bromide, CaH^Br^, when gently heated in alcoholic solution with finely 
divided zinc, yields pure ethylene, the zinc merely taking up the bromine (Sabaneyeff). 

47 Ethylene decomposes somewhat easily under the influence of the electric spark, 
or a high temperature. In this case the volume of the gas formed may remain the 
same when olefiant gas is decomposed into carbon and marsh gas, or may increase to 
double its volume when hydrogen and carbon are formed, C2H4=CH 4 +C= 2 C -f 2H.J, 
A mixture of olefiant gas and oxygen is highly explosive; two volumes of this gas require 
six volumes of oxygen for its perfect combustion. The eight volumes thus taken then 
resolve themselves into eight volumes of the products of combustion, a mixture of water 
and carbonic anhydride, C 2 H 4 + S 0 2 = 2 C 0 $ + 2H2O. On cooling after the explosion 
diminution of volume occurs because the water becomes liquid. For two volumes of the 
olefiant gas taken, the diminution will be equal to four volumes, tod the same for marsh 
gas. The quantity of carbonic anhydride formed by both gases is not tire same. Two 
volume^ of marsh gas give only two volumes of carbonic anhydride, and twoyolu* 's of 
ethylene give four volumes of carbonic anhydride. 
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Acetylene is also produced in all those cases where organic sub¬ 
stances are decomposed by the action of a high temperature—for 
example, by dry distillation. On this account a certain quantity is 
always found in coal gas, and gives to it, at all events in part, its 
peculiar smell, but the quantity of acetylene in coal gas is very small. 
If the vapour of alcohol be passed through a heated tube a certain 
quantity of acetylene is formed. It is also produced by the imperfect 
combustion of olefiant and marsh gas—for example, if the flame of 
coal gas has not free access to air. 49 The inner part, of every flame 
contains gases in imperfect combustion, and in them some amount of 
acetylene. 

Acetylene, being further removed than ethylene fro'm the limit 
C*H* +a hydrocarbon compounds, has a still greater faculty of combi¬ 
nation than is shown by olefiant gas, and therefore can be more readily 
separated from any mixture containing it. Actually, acetylene not 1 
only combines with one &nd two molecules, of I 2 , HI, H 2 S0 4 , Cl 2 , Br 2 ^ 
&c. . . . (many other unsaturated hydrocarbons combine with them),, 
but also with cuprous chloride, CuCl, forming a red precipitate. If 
gaseous mixture containing acetylene be passed through an ammoniacal 
solution of cuprous chloride (or silver nitrate), the other- gases do not 
combine, but the acetylene gives a red precipitate (or grey with silver)* 
which detonates when struck with a hammer. This red precipitate 
gives off* acetylene under the action of acids. Iu this manner pure 
acetylene may be obtained. Acetylene and its homologues also 
readily react with corrosive sublimate, HgCl 2 (Koucheroff, Favorsky). 
Acetylene burns with a very brilliant flame, which is accounted for 
by the comparatively large amount of carbon it contains. 59 

The formation and existence in nature of large masses of petroleum 
or a mixture of liquid hydrocarbons, principally of the series 

and C„H 2 „ is in many respects remarkable. 51 In some mountainous. 

► 

& This is easily accomplished with those gas burners which are used in laboratories 
and mentioned in the Introduction. In these burners the gas is first mixed with air in ^ 
long tube, above which it is kindled, feut i! it be lighted inside the pipe it does note 
burn completely, but forms acetylene, on account of the cooling effect of the walls of the 
metallic tube; this is detected by the smell, and may be shown by passing the issuing 
gas (by aid of an aspirator) into an ammoniacal solution of cuprous chloride. 

60 Amongst the homologues of acetylene C n H 2 «-2, the lowest is C 3 H 4 ; allylene,, 
OH3CCH, and allene, CH 2 CCH 2 , are known, but the closed structure, CH 2 (CH) 2 , is 
little investigated. 

51 The saturated hydrocarbons predominate in American petroleum, especially in 
its more volatile parts; in Baku naphtha the hydrocarbons of the composition CnH^ form 
the main pari (Lisenko, Markovnikoff, Beilstein) but doubtless (Mendeldeff) it also con* 
tains saturated ones, C w H 2 ,i+ 3 . The structure of the naphtha hydrocarbons is only known 
for the lowerdiomologues, but doubtless the distinction between the hydrocarbons of the 
Pennsylvanian and Baku naphthas, boiling at the same temperature (after the requisite 
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oily substance, universally used for lighting, called kerosene or photo¬ 
gen or photonaphthalene, and by other names. The specific gravity 
of kerosene is from 0*78 to 0*84, and it smells like naphtha. Those 
products of the distillation of naphtha which pass off below 130° and 
have a specific gravity below 0*75, enter into the composition of light 
petroleum (benzoline, ligroin, petroleum spirit, &c.); which is used as 
a solvent for india-rubber, for removing grease spots, &c. Those por¬ 
tions of naphtha (which can only be distilled without change by means 
of superheated steam, otherwise they are largely decomposed) which 
boil above 275° and up to 300° and have a specifio gravity higher 
than 0*85, form an excellent oil, 53 safe as regards inflammability 
(which is very important as diminishing the risks of tire), and may be 
used in.lamps as an effective substitute for kerosene, 54 Those portions 
of naphtha which pass over at a still higher temperature and have a 
higher specific gravity than 0*9, which are found in abundance (about 
30 p.c.) in the Baku naphtha, make excellent lubricating or machine 
oils. Haphtha has many important applications, and the naphtha 
industry is now of great commercial importance, especially as naphtha 

53 This is a sp-called intermediate oil (between kerosene and lubricating oils), solar oil, 
or pyronaphtha.- Lamps are already being manufactured for burning it but still require 
improvement. Above all, however, it requires a more extended market, and this at 
_ present is wanting, owing to the two following reasons: (1) Those products of the American 
petroleum which are the most widely spread and almost universally consumed contain 
but little of this intermediate oil, and what there is is divided between the kerosene 
and the lubricating oils; (2) the Baku naphtha, which is capable of yielding a great 
deal (up to 80 p.c) of intermediate oil, is produced in enormous quantities, about 
COO million poods, but has no regular markets abroad, and for the consumption in 
Russia (about 25 million poods of kerosene per annum) and for the limited export 
(60 million, poods per annum) into Western Europe (by the Trans-Caucasian Railway) 
those volatile and more dangerous parts of the naphtha which enter into the composition 
of the American petroleum are sufficient, although Baku naphtha yields about 25 p.c. of 
such kerosene. For this reason pyronaphtha ie not manufactured in sufficient quantities, 
and the whole world is consuming the unsafe kerosene. When a pipe line has been laid 
from Baku to the Black Sea (in America there are many which carry the raw naphtha to 
the sea-shore, where it is made into kerosene and other products) then the whole mass of 
the Baku naphtha will furnish safe illuminating oils, which without doubt will find an 
immense application. A mixture of the intermediate oil with kerosene or Baku oil (spe¬ 
cific gravity 0*84 to 0'85) may be considered (on removing the benzoline) to be the best 
illuminating oil, because it is safe (flashing point from 40° to 60°), cheaper (Baku naphtha 
gives as much as 60 p.o. of Baku oil), and bums perfectly well in lamps differing 
but little from those made for burning American kerosene (unsafe, flashing point 
20 ° to 80°). 

** The substitution of Baku pyronaphtha, or intermediate oil, or Baku oil {see Note 
66 ), would not only be a great - advantage as regards safety from fire, but would also 
be highly economical A ton (62 poods) of American crude petroleum costs at the 
coast considerably more than 24s. (12 roubles), and yields two-thirds of a ton of 
kerosene suitable for ordinary lamps. A* ton of raw naphtha in Baku costs less than 
4 s. (1 rouble 80 copecks), and witb a pipe line to the shore of the Blaok Sea would not 
cost more than 8 roubles, or 16s. Moreover, a-ton of Baku naphtha will yield as much as 
two-thirds of a ton of kerosene* Baku oil, and pyronaphtha suitable or illuminating 
purposes. 
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CARBON AND THE HYDROCARBONS 877 

mountain chains/ 7 because water with iron carbide ought to give iron 
o^ido and hydrocarbons/ 8 Direct experiment proves that the so-called 
spieg deism (nmnganiforous iron, rich in chemically combined carbon) 
when treated with acids gives liquid hydrocarbons m which in com* 

67 During the upheaval of mountain range* crevasses would bn fanned at the peaks 
with openings upward** and at the foot of the mountains with opening* downward** 
Those ©rack# in course of time fill up, but th© younger tho mountains the fresher tho 
oracles (tho Alleghany mountain! aw, without doubt, mow ancient than th© Caucasian, 
which wore formed during the tertiary epoch); through thorn water must gain ace an® 
deop into tho recesses of «the earth to an extent that could not occur on tho level (on 
plains). The situation of naphtha at tho foot of mountain chains is tho principal 
argument in my hypothesis, 

Another fundamental reason it the consideration of tho mean density of th# earth. 
Cavendish, Airy, Cornu, Boys, and many other® who have investigated the subject by 
various methods, found that, taking water -1, tho moan density of the earth It nearly 

:0‘5. As at tho surface water and all rook® (sand, clay, limestone, granite, have & 
.density lew than 8, it is evident (at solid substances aw but slightly compressible even 
under tho greatest pressure) that inside th© earth there aro substance* of a greater density 
—indeed, not 1cm than 7 or 8. What conclusion, then, can he arrived at? Anything 
heavy contained in tho bosom of tho earth must bo distributed not only on its surface, 
but throughout th© whole solar system, for everything tend* to show that th# sun and 
planets arc formed from the n&m© material, and according to th# hypothesis of Baplaoe 
and Kant it in most probable, and indued must necessarily b# hold, that tho earth and 
planet* nr# but fragment* of tho solar atmosphere, which hnvo had timo to oool con* 
siderably and bocomo masses semMiqutd inald© and solid outsido, forming both pinnate 
and satellites. The sun amongst other heavy demonts contains a groat deal of iron, 
as shown by spectrum analysis. Thor® li alto much of It in an oxidised condition m 
tho surface of tho earth. Moteorlo stones, carried as fragmentary planets in tho solar 
system and sometimes falling upon th© earth, consisting of siliceous rocks similar to ter¬ 
restrial ones, often contajn either dons® masses of iron (for example, the Ballosovo iron 
preserved in the St. Petersburg Academy of Sciences) or granular musses (for instance, 
tho Okhansk meteorite of 1880). It Is therefore possible that the interior of the earth 
contains much Iron In a metallic state. !phi« might be anticipated from the hypothesis 
of Baplaoe, for th® Iron must have been compressed into a liquid at that period when 
the other component parts of tee earth were still strongly heated, and oxides of iron 
could not then have been formed, The iron was covered with slap (mixtures of silicates 
like glass fused with rooky matter) which did not allow it to bum at the expense of the 
oxygen of tho atmosphere or of water, just as that time when the temperature of the 
earth was very high. Carbon was in tho same state; Its oxides were also capable of 
dissociation (Dmill©); it is also but slightly volatile, and has an affinity for iron, and iron 
carbitl© k found in meteoric storms (an well as carbon and even the diamond). Thus the 
supposition of the existence of Iron earbidea in the interior of the earth was derived by 
me from many Indications, which are to some extent confirmed by the fact that granular 
pieces of iron have been found In eomo basalts (undent Java) as well as In meteoric stones. 
The occurrence of Iron In contact with carbon during tho formation of th© earth k all 
tho more probable because those elements predominate in nature which have small 
atomic weights, and among them tho most widely diffused, the most difficultly fusible, 
and therefor© the most easily condensed (Chapter XV,) are carbon and iron, They 
passed into the liquid state when all compound* mm at a temperature of dissociation, 

M The following is the typical equation for this formation s 

8 F©mO* + 4«H«0 »tr*Fi 3 0 4 (magnetic oxide) + Cplf|wi (## Chapter XVII., Note 88), 

w does investigated th© hydrocarbons formed when cast-iron is dissolved In. hydro* 
chlodo acid, and found CkH<p and others, I treated crystalline manganiferous cast*irpo 
with the same acid, and obtained a liquid mixture of b$drooarbC»s exactly similar to 
natural naphtha in taste, smell, and reaction*' 
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chapter m 

mmmmm m carikw with mmm Am mnraooitr 

Carbonic anhydride (or carbonic mid or carbon dioxide 00*) was th# 
first of id! gases distinguished from &tau*phorio aim, Fameelims and 
Van Helmont, in the sixteenth century, know that on heating limestone 
a particular gas separated, which is also forint*! during Uni alcoholic 
fermentation of tutccluurfao solutions (for instance, in tim manufacture 
of wine) ; they know that it was identical with the gait which is pm* 
duced by the combustion of clmmud, am! that in some mmm it in found 



Flo. Ihirewf wirt SUrf ftppwftteia far dutffnntnfofr tht* wmpMttlMi of mafamto wibyrtrtiK 
Carbon, tfrnnhftes «r a dtft»w»nrt la jteftwl tn ttw ieV I In tiw tarttftCN, wtrt MM tel A itemm m 
oxvKvh tUapiwHitl from tim uaUtt by vmim aming from A. Tlw mfwm Is gmillkt! trtm 
anhyrtriito ami wafi** In Uw iutnm % (l Ii, CmtmuUi ftwteyrtrbH AucrtUteMr will} ft ftsrtfttn wwmnt 
of osrtK>n inonnxlrtr. is format in II, TV ktirr I# mwvorM lt»U> mrbtmk mitl by Ate* 

prtxltiota of onmbtiKUim Ahmogti m ttrtw W, «*ttf«}i*lng 0 t«W« MM t n ft fumnae Tli» enurto 

oxltte QxltUam this 00 Into OO w formlnf mutullin copper. Tim pobwh Iwllit II n<*t mUm I, J, X 
rotate) th* oiwrbonio ftntortrtrta, Tlitp, tt» woWtei «f curtem taJum ft«*i ih» of 

AV riwrttwife cdwtswle ft|it»rtfW«<l»l if* I, J, K tmU*% wirt aft*? ttw rxt*r}*n«ul), Ust 

oomjwalttoa of mitok @,o%rtrtdte mA IV wjmvalaM of cartmi) may tw lUtmttltwl 

fa nature. In wane of time It wm found that this gas it absorbed by 
alkali, forming m mil which, under the action of add, again y Midi this 
same gm Prieiitley found that this gun axiata fa air, and Lavotafar 
determined its formation during impiratba, combustion, putrefa ct ion* 
and during the reduction of the oxides of metals by charcoalj ha dtttr- 
mfaod ite oompoaltion, tuad showed that It ofay cwldni mjgm mA 
carbon. lUvr^oliiti, iMmue; with Staa, and I to f oo# , k £$g i>anu 

# 
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COMPOUNDS OP CARBON WITH OXYGEN AND NITROGEN 881 


been also jnade with great exactitude with large animals, such as men, 
bulls, sheep, &c. By means of enormous hermetically closed bell 
receivers and the analysis of the gases evolved during respiration it wap 
found that a man expels about 900 grams {more than two pounds) of 
carbonic anhydride per diem, and absorbs during this time 700 grams of 
oxygen. 1 It must be remarked that the carbonic anhydride of the air 
constitutes the fundamental food of plants (Chapters XIL, V., and VIII,) 
Carbonic anhydride in a state of combination with a variety of other 
substances is perhaps even more widely distributed in nature than in a 
free state. Some of these substances are very stable and form a large 
portion of the earth’s crust. For instance, limestones, calcium carbonate, 
0a00 3 , were formed as precipitates in the seas existing previously on 
the earth ; this is proved by their stratified structure and the number 
of remains of sea animals which they -frequently contain. Chalk, 
lithographic stone, limestone, marls (a mixture of limestone and clay), 
and many other rocks are examples of sudi sedimentary formations. 

1 THe quantity of carbonio acid gas exhaled by a man during the twenty* four hours 
Is not evenly produced; during the night more oxygen is taken in than during the 
day (by night, in twelve hours, about 460 grams), and more carbonio anhydride is sepa- 
rated by day than during night-time and repose; thus, of the 000 grams produced 
during the twenty-four hours about 876 are given out during the night and 625 by day. 
This depends on the formation of carbonic anhydride during the work performed by tbe 
man in the day. Every movement is the result of some change of matter, for 
force cannot be self-created (in accordance with the law of the conservation of energy). 
Proportionally to the amount of carbon, consumed an amount of energy is stored up in 
the organism and is consumed in the various movements performed by animals. This 
is proved by the fact that during work a man exhales 626 grama of carbonio anhydride 
in twelve hours instead of 876, absorbing the some amount of oxygen as before. After 
a working day a man exhales by night almost the same amount of carbonic anhydride 
as after a day of rest, so that daring a total twenty-four hours a man exhales about 
000 grams of carbonic anhydride and absorbs about 080 grams of oxygen. There¬ 
fore during work the change of matter increases. The carbon expended on the work 
is obtained from the food; on this account the food of animals ought certainly to 
contain carbonaceous substances capable of dissolving under the action of the digestive 
fluids, and of. passing into the blood, or, in other words, capable of being digested. Such 
food for man and all other animals is formed of vegetable matter, or of parts of other 
animals. The latter in every case obtain their carbonaceous matter from plants, in 
Which it is formed by tbe separation of the carbon from the carbonio anhydride taken up 
during tbe day .by the respiration of the plants. The volume of the oxygen exhaled by 
plants is almost equal to the volume of the carbonio anhydride absorbed; that is to say, 
nearly all the oxygen entering into the plant in the form of carbonic anhydride is libe¬ 
rated in a free state, whilst the carbon from the carbonic anhydride remains in the plant. 
At the same time the plant absorbs moisture by its leaves -and roots. By a process which 
id unknown to us, this absorbed moisture and the carbon obtained from the carbonio an¬ 
hydride enter into the composition of the plants in the form of so-called carbohydrates, 
composing the greater part of the vegetable tissues, starch and cellulose of the coni- 
position CflHioOj being representatives of them. They may be considered like all carbo¬ 
hydrates as compounds of carbon and'water, 6 C + 6 H 2 O. In this way a circulation of 
the carbon goes on in nature by means of vegetable and animal organisms, in which 
changes the principal factor is the carbonio anhydride of the air. . 
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Carbonate# with various other bases am, ter instance* msfp&etk* 

ferrous oxide, fine oxide, Ao.—»are of ton found In nature. The shell* of 
moll uses also have the composition CaOC>*, and man y limortones wet© 
exclusively formed from the shell# of minute organisms. A% carbonic 
anhydride (together with water) it pwcltiwl during tliti eomhuitiiifi of 
all organic compounds in a stream of oxygon or by heating them with 
substances which readily part with ititdc oxygen—for instance, with 
copper oxide—this method is cm ploy rtf for estimating the amount of 
carbon in organic compounds, more especially m the COj mm he easily 
collected and the amount of carbon calculated front its weight. For 
this purpose a hard glass tube, closml at mm end, li Idled with a 
mixture of the organic substance (nlmttt 0‘2 gram) mul rapper aside. 
The open end 0! the tube is fitted wit It a mrk and tube ^interning 
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calcium chloride for absorbing the water formed by the oxidation of 
the substance. This tub# is hemettoflLlJj connected (by a caoutchouc 
tube) with potash bulbs or other weighing apparatus (Chapter ?,) co#i* 
taining alkali destined to absorb the carbonic anhydride. The Imemmm 
in weight of this apparatus shows the amounts of carbonic anhydride 
formed during the combustion of the given substance, and tW c|a»t»tiiy 
of carbon may be determined from ibf% because three parte of »rl»a 
give eleven parte of carbonic anhydride* 

For the preparation qf oarfondo anhydride In laboratories and often 
In manufactories, various kinds of calcium carbonate are tmttf, Wing 
treated with some add $ it is, however* most usual to employ tin? m* 
^-lled muriatic acid— that is, an aqueous aoIttUon of hydrochloric acid* 
HOI— because, in the first place, tit© substance formed, 
chloride. Ca01„ is soluble in water and dose not hinder the further 
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action of the acid on the cMdutn carbonate, and secondly because, as 
we shall sec further on, muriatic acid is a common product of chemical, 
works and one of the cheapest For calcium carbonate, either limestone, 
chalk, or marble is used/* 1 

CaCGjj 4* 21101 * CitCl, + If a O + CO a . 

The nature of the reaction in this m\m is the same as in the decom¬ 
position of nitre by sulphuric acid ; only in tho latter case a hydrate is 
formed, and in the former an anhydride of the acid, because the 
hydrate, carbonic acid, H a t IC) 3 , is unstable and as soon as it separates 
decomposes into water and its own anhydride, It is evident from the 
explanation of the cause of the action of sulphuric acid on nitre that 
not every acid can bo employed for obtaining carbonic anhydride ; 
namely, those will not sot it free which chemically are but slightly 
energetic, or those which are insoluble in water, or are themselves as 
volatile as carbonic anhydrido. 3 But as many acids are soluble in 
water and are less volatile than carbonic anhydride, the latter is 
evolved by the action of most acids on its salts, and this reaction takes 
place at ordinary temperatures, 4 

8 Otto acids may be u»td Instead of hydmhlorio { tot instance, acetic, or oven 
sulphuric, although thin latter In net suitable, hicaui® It forma as a product insoluble 
calcium sulphate (gypsum) which nurrmmdu the untouched calcium carbonate, and thus 
prevents a further evolution of gas. Rut If porous limestone—for instance, chalk—be 
treated with sulphuric add diluted with an equal volume of water, the liquid is absorbed 
and acting on tho mass of tho salt, the evolution of carbonic anhydride continues evenly 
for a long time, Instead of calcium carbonate other carbonates may of course bo.used; 
for instance, washing-soda, N%00 t1 , which is often chosen when it is required to produce 
a rapid stream of carbonic anhydride (for example, for liquefying It), But natural 
crystalline magnesium carbonate and fslmlkr taltn are with difficulty decomposed by 
hydrochloric and sulphuric adds. When to* manufacturing purposes— for Instance, in 
precipitating lime In sugar-works—a large quantity of carbonic add gas it Required, it 
I® generally obtained by burning charcoal, and the products of combustion, rich in 
carbonic anhydride, aro pumped into the liquid containing the lime, and the carbonio 
anhydride is thus absorbed. Another method in also practised, which consists In using 
the carbonio anhydride {separated during fermentation, or that evolved from limekilns. 
During the fermentation of uweet wort, grape-juice, and other similar saccharine solu¬ 
tions, the glucose V tt H v p$ changed under the influence of the yeast organism, forming 
alcohol {SGflhjO}, ami carbonic anhydride (*J(X) a ) which separate® in tho form of gas; if 
tho fermentation proceeds In dosed bottles uparkling wine is obtained. When carbonio 
add gius is prepared for saturating water awl other beverages it is necessary to use it 
in a pure state. Whilst In the dale In which It in evolved from ordinary limestones by 
the aid of acids it contains, lawl«li« a certain quantity of acid, the organic matters of the 
limestone; In order to diminish tho quantity of these substances the densest kinds of 
dolomites are used, which contain less organic matter, and the gas formed is passed 
through various washing apparatus, and thou through a solution of potassium perman-* 
.ganate, which absorbs organic matter and does not take up carbonic anhydride. 

& Hypaohlurouw acid, IICH ), and its anhydride, ChjO, do not displace carbonic acid, and 
•hydrogen sulphide hm the same relation to carbonio acid as nitric acid to hydrochloric— 
an excess of either one displaces the other. 

4 Thus, m preparing tho ordinary eftorvesoing powder®, sodium bicarbonate (or add) 
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Jt is m example of those gaseous substances which have been 
long ago transformed into all the throe states. In order &> obtain 
liquid carbonic .anhydride, the gas must bo submitted to a pres* 
euro of thirty-six atmospheres at OV Its absolute boiling point 
tss + 32 0 . 8 Liquid carbonic anhydride is colourless, does not mix with 
water, but is soluble in alcohol, ether, and oils ; at 0° its specific gravity 
% 0-83. 8bii The boiling point of this liquid lies at that is 

to say, the pressure of carbonic acid gas at that temperature does 
not exceed that of the atmosphere. At the ordinary temperature oho 
liquid remains as such for some time under ordinary pressure, on 
account of its requiring a considerable amount of Jheat for its 
evaporation. If the evaporation takes place rapidly, especially if the 
liquid issues in a stream, such a decrease of temperature occurs that 
a part of the carbonic anhydride is transformed into a solid snowy 
mas®. Water, mercury, and many other liquids freeze on coming into 
contact with snow-like carbonic anhydride,** In this form carbonic 
anhydride may be preserved for a long time in the open air, because it 
requires still more heat to turn It into a gas than when in a liquid 
state. 9 k ,# 

The capacity which carbonic anhydride has of being liquefied stands 

certain lapse of time, the earhooks anhydride will ho diffused throughout the vessel, and 
form a uniform mixture with the air, just as salt in water. 

7 This liquefaction was first observed hy Faraday, who scabs! up In a tube a mixture 
of a carbonate and sulphuric arid. Afterwards thin method was very considerably Ira* 
proved hy ThihirSer and NaUerer, whoso apparatus in given In Chapter VI. in describ¬ 
ing N*0. It Is, however, ueceaaary to remark that the preparation of liquid carbtmlo 
anhydride requires good liquefying apparatus, constant cooling, and a rapid preparation 
of largo mam* of carbonic anhydride* 

• Carbonic »hyWd#, having the mm tnoleetil** vnt$k% at nitrous oxide, very mud* 
membles It when In a liquid stats, 

i Ms When poured into a tub#, which Is then Mealed up, liquefied carbonic anhydride 
con bo easily preserved, because a thick tube easily supports the pwtiwiff (about SO 
atmospheres) exerted hy the liquid at the on! I nary temperature. 

9 When a fine stream id liquid carlmulo anhydride is discharged Into a closed metallic 
vessel, about one*third of tts masesMlidifhM and the remainderevaluates. In employing 
solid carbonic anhydride for making experiments at low temperatures, it In best to use it 
mixed with ether, otherwise there will bit few points of contact If a stream of tor \m 
blown through a piixturn of liquid carbonic anhydride and ether, the evaporation proceeds 
rapidly, and great cold Is obtained. At present in some upoml manufaeteries (and Imp 
making artificial mineral waters) carbonic anhydridu is Itqiwflwl on tint large scale, misd 
into wrought*iron cylinders provided with a valve, and In this manner II ran be tram* 
ported and preserved safely hr a long limn. It Is tnrnd, for instance, in breweries* 

9 uk Stolid cartamfo anhydride, notwithstanding its very law temperature, can bt 
safely placed on the hand, because It continually evolve® gas which prevents its coming 
into actual contact with the skin, but If a pfaoe bt squeassd between the fingers, it 
duces a severe frost bite similar to a burn. If th« snowtika solid bu mixed with ether, «t 
eemMiquid mass Its obtained, which is employed for artificial refrigeration. ®Mi mixture 
may b® used for liquefying many other gases—such m chlorine, uifereu® ostfdt, hydrogen 
sulphide, and others, The evaporation of such a mixture proceed® with fa# peeler 



In mmw&fan will i* / ^ % %h‘% 4 , 

other !Ii|iiti!a. I*j »' *'4 4 H in ^% >is h s* *U\ u*y ?|«** 41 f | tt 

111* 4 first rlliijilrf, CSft* ! i n f ' s j <1 * tit jif^J^j 

tlinn in writer, natwh* at O” «n» %. f « *' 1 , *■ j I H*.il«m,|^ 

of tliisi gii»» lififl tit *JO'' ”‘f 

Atjuwitti i«iliiliiii« »;»f eattw»ok % is t*» f 4 t'i« I f - 1 mm4m n f 

altiWfiftfti l$% m*< *e<* |**^ w ‘i '* *4 , ** * »n'«r %aliifa|i H | 

With thi* gHW |*rt>»w*!r* tlifriiln^n »n4 h** thar*l F,, r tf m | H|fw 

jpMP tl«! twlwtijr mihy«lri4ft It f , > •* 3 - >* *' ' * ( * f > * 4 * j, 

a cIcumkI vmm4 rtmtaitantf lli« lo|i«4, m%4 %h,m% I**!'*-*! ^ 

i|»f«i?il tlff?tti*t t« rfiiitCP fftptt Alt*) «4t light c«?fliS5|,|. Vfti'imu ©tii^ 

vesetttg drink h imp! iat.p * f \ m > f ar* i| t u* 

Ttt§ |«jiift«i iif cfiirlMifii** *titt?4fpfr Ii«,:t aii iiii|*'i.ri^sii 

III iMtui** tmmtiiff hy it# si»#-*ii# wnfor 1 lm ^n^mfiy 0 f 

dlMCHttpiiiaf Mid il«.*lfilif liiany »ydi mil miml o a 

by |»ttW W&t#f | fbf itt*taltrr, fiilriiifti |i|i^*|a|ia 1« i**t4 r#4f|itifi^fi$i u W 

•olttbto In wntur enntfttnin# «rt»«ik ****1 II tlt#t w*u> r fn $ m 

Interior of flit mtftJt li MiUirAfotl wtti» mrlwitk «d*l mnht ftfwstttfg 
the quantity ut calcium mflmmmlm in if* /* ilin* gr*u» 

pr litre, and m Immiug mi tti« § ml^r t a# •i?lif«lri*lt 

’•mmpM* the tftldam ourlMmut#* will I m «l#|».«ii«t ^ %l 8 t«#r 4i#r^4 

wlii inli|clrWii Iwin^t iW n * f iu«n| riV || 

by filSilflftjf tliii Sint#, utltnl^ £#., If*si,#,* lli*iii, Tlii* |#fm:«i* 
b^ttn Kd^l en nml im nm iirclit 


^ #4 «! | v „ #>s 4 * r *-1*^ k, H h ' I* fcKgg 

mtfttii* By IM# mmm tmaf gm* < f%»> U J i « %*i j ■< 

gi#! 4 t »« # * #| ^mm t* 4 > Is i # ** 

« t,»t* % «u% h^rn'4 4 

UtilBMttad l« «Mi»y pVMMM«*t i*#«# ^ i,r^i|4*f II | 

* 4,1 i41 ^ ltt * * ^ ^ I * ^ >Umml * 

#fc I 4** I I i *1 <o ( Mt 



COMPOUNDS OF CARBON WITH OXYGEN AND NITROGEN 887 


contain silica and tho oxides of various metals; amongst others# 
tho oxides of 'aluminium* calcium* and sodium. Water charged 
with carbonic acid dissolves both tho latter, transforming them into 
carbonates. Tho water® of tho ocean ought, as the evolution of the 

carbonic anhydride proceeds, to precipitate salts of lime ; these are 
actually found everywhere on the surface of the ground in those places 
which previously formed the bed of the ocean. Tho presence of car¬ 
bonic anhydride In solution in water It essentia) to the nourkhment 
and growth of water plants. 

Although carbonic anhydride is soluble in water, yet no definite 
hydrate is formed ; u nevertheless an idea of the composition of this 
hydrate may bo formed from that of the salts of carbonic acid, because 
a hydrate is nothing but a salt in which the metal is replaced byf 
hydrogen. As carbonic anhydride forum salts of the composition. 
K a C0 3 , Na a COj, IINaCO a , Am., therefore carbonic acid ought to hava 
the composition II a C0 4 - that is* it ought to contain tX) a 4 H a (X 
Whenever this substance b formed, it decomposes into its component] 
parts—that is, into water and oarbottto anhydride. Tim acidprcpurtietf. 
of carbonic anhydrldo 11 M# are demonstrated by Its being dirootly abn 
sorbed by alkaline solutions and forming salts with them. In distinction! 
from nitric, HN0 3 , and similar monobasic acids which with univalent* 
metals (exchanging one atom for one atom of hydrogen) give mliit itielif 
as those of potassium, sodium, and silver containing only one atom of tluw 
metal (NaN0 3 , AgNO*), and with bivalent u metals (such tm calcium, 
barium, lead) salts containing two acid groups—for example, 0a(NO 4 ) ? , 
Fb(NO s )j —carbonic acid, H|CO$, in Mbmw t that is contains two atoms 
of hydrogen in the hydrate or two atoms of univalent inetids in their 
salts : for example, Na s OO § Is washing soda, a normal salt j NaH0o 4 b 
the bicarbonate, an add salt Therefore, if W be a univalent metal, 
its carbonates in general are the normal carbonate M'gOOj and tho 

11 Tlx* cryntaUtdiydrato* OO^hH^O of Wrnblewski (Chapter I., Note 67), In tho first 
place, i§ only funned under special renditions; in tho oeeond plane, its existeueo atilt 
require* confirmation ; ami in the thiol place, it doe* not forreapuiul with Hint hydrate 
HgCOg which should occur, Judging Item the composition of tho salts. 

n to n in | Jft8 y to demonstrate the acid property# of earhook 1 anhydride hv taking * 
long tube, closed at one end, owl filling it with this gas; a !.t«t4ttk» i« then filled with % 
solution of an alkali (for instance, sodium hydroxide), which is then pourod Into tti# long* 
tube and tho open end in corked. Thu wdiillon t§ then well shaken in the tub#, and tte 
oorkotl end plunged into water. If th# cork be now withdrawn under water, ite waist) 
will fill the tube. Tho vacuum obtained fey the absorption of tltt earboulo anliyirfit bf^ 
m alkali Is ao complete that even cm ateotrte disoharg* will not pats through It* TM# 
method Is often applied to product# a vacuum. 

11 Th# reasons for distinguishing tte uni*, bb, teb, and quadrbvahmt motels wttl tel 
explained hereafter on pawing from tte tmivateit mated* (N^BhLi) to tte Mrntiafr 
(Mg. Co, Bn), Chapter JttV 



f|H| fk* ; 5 ' t r v «| 1 

nri4 mK«M<% M II* *?**'* *♦ * ^ 

Jt«rit«l rtirS^ u *?' * ^ * M * i < f - * ''' ’ * * * f * « ^ f« ?t 4 a* lf f 

unit" » **" ‘W.< i Hl^w/ * ^ 1 * ** - *' *1 • *|K 1 |^ 

I*i ill hi tsi t 1 **.»f < « ** *>u * # h ,, *' v* » ? 4 ^ 4 ,/i;,»n 

flMlIi fill" | ViU* t 4 * > m\ •> * * , ?< ^ p/ * ♦* t « \ a* 

nilw «*r !>)i!*t*hW* *), *'**j** *» *> * 5 ‘ ia W|„ 

tluf^lni^tllffit «f f h* & i * 1 1 |> it 84 81 * & *<! n, ’J? m» i <f i t , 

*Mt*iv«l *t 1^,4 «<>”. * 1 ^ #i i - 4 ? 1 # * V,* , % ftj|l jy 

f*>in| *\ a-, vj> t * *!<♦* ^ «. fl < ^ "> ; '' »’' *> v *«V4 so.vfof 

f»»W IIKIISI tf^ M T t | 4 ** *4 'A# l 4 # 1 ^ f * * V * r l f ^ *•;«,*, | »f, wwis 


11 | 4 |il«in,^ rt # |*.|' ! ■? »’ #i^t . A i *> f » #«<« - * v « >1 »; ■<*.*1 * f i„\, % |.^ s || k 

<lf«ill*l||l | *lt*l# «t# 1 4 * ft , * ' * -* % » ( 4 j >• '; fe| ffiu^ 

, If , i>‘ 4 t *»» *. *.V *^ r »<‘r t v i**,,** \ fcS M ^»^| 

Uw«w ^.mi»*>4 IMI i * ti h„ <> . m* - ^ t u* f >> i-..^ 

to III* f«#tt!tf #t ><? f 'I » ‘ * S* f I *»' f* V 1 ,' I 1 1 *. * * 11//* 4 (t 

llll<^ 4rl| |#| m.^m n %f u *4 , f * ♦< ►v 

bi *iflt#4 0 * * h 4 *♦ { ,, y |> 

kgAwgrH attirn^ * #t » * « *.. J l 1 ** # ! v* * ».i ,44^ 

If rmilwwl#•* , i4 • a r <H m»t», ?$*$$*'* ^ > ». > . *u< u *< b, ^ \ •» * v f | 4 ^ 

IW 4* II/ <**« <* I /»#»# *T I m m ,1 <# M * <s » , ‘ » | s fcfe(f r ^ f< | 

$IW Hi# * f llMtis* (Mill* |fw! wl *« * 4 -* ^ m>‘ 1 ^ ♦ •< > * i* 14 > \ 1 «|, 

CO 4 III# r* fi4|4 # |/ ti 4 | %\ ?*' 4%*^m > ?< “t,, v # f ' . I t r; ♦, ? | If , 1 a tf „J 

III# fUIH|»W|l|«^| « f llw # 4|f *$||fi 9 «'!!■# 4 « j 4 '*'»«* *< I * s f V? % ,| 

Iwiiw !•# # rt ' 4 **t#i *tr *1 /( * 1 ‘ m i * „ * 1#<* I*t 

WfWWIPII^II t*f Jtiif/IsJfl l% . :jf|# # # ?* 1 / » / ? ^ I # f ht j 4 . i & 1 f 

ttf *%4vkm*to**m4 •!-. -«ll |«if<.|' }*m0m *g <>■> 41 |‘#*** wi-i »?*•»(;. tv.v| is»|iifij 

iqMfom m %tm 4 iU t i» n w , ** « t » tit % 

fi m*? 4 %mm0* n %0 i*4f 4 i,f 1 1 »/,» f. > iS+ 4 ^ ^ ¥#?t 

Swi^ Uw# #NH4*|»|p#i**I I## |ni I##* ♦!**/ 4 #<♦ g| ^ <-^» #• % * i #, < ’* 

«i4 till# ptiptli mm rnmiiUA 4> |i * I 4 *, # # i r f *» u , u ,* l « % u 

»W«W|f*lflllf 4 U»v ;*?,♦!, , ii % || *, 

♦S^COfi W COfOI!|^»l«t *4l^|Sf I' i%4HKb*$, .#fc»s4'te '^1# rn« * s* b <> *»* m> h I if,/!® ^ i I * k» *Vif t 

II#, Bill Ml nil#*III***» m* f, ( . ♦ * » 4 «, * *«jl 

m4iI«©»I! y git* lit* t 4 7 , k> 1 , ! f * r ,» 

th« ^|#|| ik ,*», ^ # »s» ^ ,*i« # 

mittiiil 1 m 1 * || v#| w % v M , 4 * 1 1 ^ 

^«r44« km fmm f*»,! t* Im^r l%* f# >f \f t g * 1 i ’ 1 * n> v if 

|,il* mk$4i§M0 m4 »*<** II^i^ 1^4 * m * 1 

***** ”P§t 4 *»4 It## # * ,%* ,1# # % |«*# V.t *; 1 u fi^ 

&Aml<i*| wiifcf##f% •^4» ««>■ ^ , f ,|;i^ 

WWfc WWUffpWMlWMW Um«MM *..». .. * > t . »- ..,„ < ;i V. 

JJ2 ®fa %rn |fc4 ig*! Mml >A % «»» *> I *4W* 

Sm^ir!(tel * ftl3,te fit ,lt/ , , '<♦•,«« ># tv. »,« « ft 

ZTS w * f 4 *** 1 •*»*"*M., r,»»,Mv*, «, r „. »■«■. n .. ft* 

« 3 fti“S 22 Ki«* *•««» i«» <•>*»« *« .*^<**» 

^ #/ *f *# 4 !# 




COMPOUNDS OP CARBON WITH OXYGEN AND NITROGEN 880 


acid may, however, be judged from the joint evidence of many properties. 
With such energetic alkalis as soda and potash, carbonic acid forms 
normal salts, soluble in water, but having an alkaline reaction and in 

composed with difficulty by heat and water, whilst others, like carbonic and hypoclilorous 
acids, do not combine with feeble bases, and with most of the other bases form salts which 
are easily decomposed. The same maybe said with regard to bases, among which those of 
potassium, K 2 0, sodium, Na^O, and barium, BaO, may serve as examples of the most 
powerful, because they combine with the most feeble acids and form a mass of salts of 
great stability, whilst as examples of the feeblest bases alumina, ALO3, or bismuth oxide, 
Bi$0 3 , may be taken, because they form salts easily decomposed by water and by heat 
if the acid be volatile. Such a division of acids and bases into the feeblest and most 
X>owerful is justified by all evidence concerning them, and is quoted in this work. But 
the teaching of this subject in certain circles has acquired .quite a new tone, which, in my 
opinion, cannot be accepted without certain reservations and criticism?, although it com* 
prises many interesting features. The fact is that Thomsen, Ostwald, and others proposed 
to express the .measure of affinity of acids to bases by figures drawn from data of the 
measure of displacement of acids in aqueous solutions, judging (1) from the amount of 
heat developed by mixing a solution of the salt with a solution of another acid (the 
nvidity of acids, according to Thomsen) \ (2) from the change of the volumes accom/ 
panying such a mutual action of solutions (Ostwald); (8) from the change of the 
index of refraction of solutions (Ostwald), <fcc. Besides this there are many other, 
■methods which allow us to form an opinion about the* distribution of bases among 
various acids in aqueous solutions. Some of these methods will be described' 
hereafter. It ought, however, to be remarked that in making investigations in aqueous 
solutions the affinity to water is generally left out of sight. If a base N, combining » 
with acids X and Y in presence of them both, divides in such a way that one*: 
third of it combines with X and two-thirds with Y, a conclusion is formed that the affinity*' 
t>r power of forming salts, of the acid Y is twice as great as that of X. But the presence, 
•of the water is not taken into account. If the acid X has an affinity for water and for N-* 
it will.be distributed between them; and if X has a greater affinity for water than Y;' 
then less of X will combine with N than of Y. If, in addition to this, the acid X h* 
capable of forming an acid salt NXj, and Y is npt, the conclusion of the relative strength ■ 
Of X and Y will be still more erroneous, because the X set free will form such a salt on 
the N addition of Y to NX. We shall see in Chapter X. -that when sulphuric and nitric 
acids in weak aqueous solution jact on sodium, they are distributed exactly in this way: 

' namely, one-third of the sodium combines with the sulphuric and two-thirds with the 
Jritric acid; but, in my opinion, this does not show- that sulphuric acid, compared with 
nitric acid, possesses but half the degree of affinity for bases like soda, and only demon¬ 
strates the greater affinity of sulphurio acid for water compared with that* of nitrio add. 
In this way the methods" of studying the distribution in aqueous solutions probably Only 
shows the difference of the relation of the acid to a base.and to water. 

In view of these considerations, although the teaching of the distribution of salt¬ 
forming elements iii aqueous -solutions is an object of great and independent interest, it 
can hardly serve to determiue the measure of affinity between bases and acids. Similar 
considerations ought to bo kept in view when determining the energy of acids by means of 
the electrical conductivity of their weak solutions. This method, proposed by Arrhenius 
(1884), and applied on an extensive’scale by Ostwald (who developed it in great detail in 
his hehrbuch- d. allgemeinen Chemie^v. ii., i.887), is founded on the fact that' the re¬ 
lation of the .so-called molecular electrical-conductivity of weak solutions, of various acids, 

(I) coincides wjth’the relation in which the same acids stand according to the distribution, | 

(II) found by one of the above-mentioned methods, and with .the relation deduced for, 
them'from observations upon the velocity of reaction; (HC) for instance, according to the; 
fate of the splitting up of an ethereal salt (into alcohol and acid), or from the rate of the sd* \ 
tailed inWtsioh of sugar—that is, its transformation into glucose—as is seen by comparing*. 
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cate, CaCOj. Only the normal (not the acid) salts of such powerful bases 
as potassium and sodium are capable of standing a red heat without 
decomposition. The acid salts—for instance, NaHC0 3 -~decompose 
even on heating their solutions (2NaHC0 3 =* Na 2 C0 3 + H 2 0 + C0 2 ), 
evolving carbonic anhydride. The amount of heat given out by the 
combination of carbonic acid with bases also shows its feeble acid 
properties, being considerably less than with energetic acids. Thus 
if a weak solution of forty grams of sodium hydroxide be satu¬ 
rated (up to the formation of a normal salt) with sulphuric or nitric 
acid or another powerful acid, from thirteen to fifteen thousand 
calories are given out, but with carbonic acid only about ten thousand 
calories. 16 The majority of carbonates are insoluble in water, and 
therefore such solutions as sodium, potassium, or ammonium carbonates 
form in solutions of most, other salts, MX ot M"X 2 , insoluble pre¬ 
cipitates of carbonates, M 2 C0 3 or M"CO s . Thus a solution of barium 
chloride gives with, sodium carbonate a precipitate of barium carbonate, 
BaC0 3 . For this reason rocks, especially those of aqueous origin, very 
often contain carbonates ; for example, calcium, ferrous, or magnesium 
carbonates, &c. 

Carbonic anhydride—which, like water, is formed with the develop¬ 
ment of a large amount of heat—is very stable. Only very few sub¬ 
stances are capable of depriving it of its oxygen. However, certain 
metals, such as magnesium, potassium and the like, on being heated, bum 
in it, depositing carbon and forming oxides. If a mixture of carbonio 
anhydride and hydrogen be passed through a heated tube, the formation 
of water and carbonic oxide will be observed; C0 2 4* U 2 . = CO -h H 2 0. 

10 Although carbonio acid is reckoned among the feeble acids, yet there are evi¬ 
dently many others- still feebler—for instance, prussic add, hypoohlotous acid, many 
organic acids, &e. Bases like alumina, or such feeble acids as silica, when in combination 
with alkalis, ore decomposed in aqueous solutions by carbonic acid, but on fusion—that 
is, without the presence of water—they displace it, which clearly shows in phenomena of 
this kind how much depends upon the conditions of reaction and the properties of the 
substances formed. These relations, which at first eight appear complex, may be best 
understood if we represent that two salts, MX and NY, in general always give more or 
less of two other salts, MY and NX, and then examine the properties of the derived sub¬ 
stances. Thus, in solution, sodium silicate, NagSiOj, with carbonio anhydride will to some 
extent form sodium carbonate and silica, SiOa; but the latter, being colloid, separates, and 
the remaining mass of sodium silicate is again decomposed by^carbonic anhydride, so that 
finally silica separates and sodium carbonate is formed. In a fused state the case is 
different; sodium carbonate will react with silica to form carbonio anhydride and sodium 
silicate, but the carbonio anhydride will be separated as a gas, and therefore in the 
residue the same reaction will again take place, and ultimately the carbonio anhydride is 
entirely eliminated and sodium silicate remains. If, on the other hand, nothing is removed 
from the sphere of tbe reaction, distribution takes place. Therefore, although car¬ 
bonic anhydride is a feeble acid, still not for this reason, but only in virtue of its gaseous 
form, do all soluble acids displaoe it in saline solutions (see Chapter X) 

*5 
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But only a portion of the carbonic add gas undergoes this change, 
therefore the result will b© a fixture of carbonic anhydride, carbonic 
oxide, hydrogen, and water, which does not puffer further change under 
the action of beat. 17 Although, like water, carbonic anhydride is ex* 
ceedingly stable, still on being heated it partially decomposes Into ear* 
bonic oxide and oxygen. Deville showed that such is the case If ear* 
tonic anhydride be passed through a long tube containing pieces ol 
porcelain and heated to 1,300°. If the products of decomposition— 
namely, the carbonic oxide and oxygen-*~be suddenly cooled, they can be 
collected separately, although they partly reunite together. A slmilai 
decomposition of carbonic anhydride into carbonic oxide and oxygerj 
takes place on passing a series of ©lectrio sparks through it (f/i 
Instance, in the eudiometer). Under these conditions an IncrearfeT oi 
■volume occurs, because two volumes of COg give two volumes of 00 and 
one volume of 0. The decomposition reaches a certain limit (less that 
one-third) and does not proceed further, so that the result Is s 
mixture of carbonio anhydride, carbonic oxide, and oxygen, wMcl 
Is not altered in composition by the continued action of the sparks 
This is readily understood, as it is a reversible reaction. If tht 
carbonic anhydride be removed, then the mixture explodes when I 
spark is passed and forms carbonic anhydride*- 17 bl1 If from an Identic* 
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mixture the oxygen (and not the carbonic anhydride) be removed, 
and a series of sparks be again passed, the decomposition is renewed, 
and terminates with the complete dissociation of the carbonic 
anhydride. Phosphorus is used in order to effect the complete absorp¬ 
tion of the oxygen. In these examples we see that a definite mixture 
of changeable substances is capable of arriving at a state of stable 
equilibrium, destroyed, however, by the removal of one of the sub¬ 
stances composing the mixture. This is one of the instances of the 
influence of mass. 

Although carbonic anhydride is decomposed on heating, yielding 
oxygen, it is nevertheless, like water, an unchangeable substance a \ 
ordinary temperatures. Its decomposition, as effected by plants, is 
on this account all the more remarkable; in this case the whole 
of the oxygen oi the carbonic anhydride is separated in the free 
state. The mechanism of this change is that the heat and light 
absorbed by the plants are expended in the decomposition of the 
carbonic anhydride. This accounts for the enormous influence of 
temperature and light on the growth of plants. But it is at present 
not clearly understood how this takes place, or by what separate in* 
termediate reactions the whole process of decomposition of carbonic 
anhydride in plants into oxygen and the carbohydrates (Note l)' 1 
remaining in them, takes place. It is known that sulphurous anhy¬ 
dride (in many ways resembling carbonic anhydride) under the action 
of light (and also of heat) forms sulphur and sulphuric anhydride, SO#-, 
and in the presence of water, sulphuric acid. But no similar decompo¬ 
sition has been obtained directly with carbonic anhydride, although it 
forms an exceedingly easily decomposable higher oxide—percarbonii? 

decreases. Deville found that at a pressure of 1 atmosphere in the flame of carbonic 
. oxide burning in oxygen, about 40 per cent, of the C0 2 is decomposed when the tempera¬ 
ture is about 8,000°, and at 1,500° less than 1 per cent. (Krafts); whilst under a pressure 
of 10 atmospheres about 84 per cent, is decomposed at 8,800° (Mallard and Le Chatelier). 
It follows therefore that, under very small pressures, the dissociation of CO* will be 
•considerable even at comparatively moderate temperatures, but at the temperature oi 
ordinary furnaces (about 1,000°) even under the small partial pressure of the carbonio 
Acid, there are only small .traces of decomposition which may be neglected in a practical 
estimation of the combustion of fuels- We may here cite the molecular speciflo heat of 
GO* (i.e. the amount of heat required to raise 44 units of weight of CO* 1°), according 
to the determinations and calculations of Mallard and Le Chatelier, for a constant 
volume C v — 6*20 + 0-0087*; for a constant pressure C p =Cv +2 (see Chapter XIV., Note 7)/ 

; i.e. the specific heat of CO* increases rapidly with a rise of temperature: for example, at 
' 0° (per 1 part by weight), it is, at a constant pressure —0*188, at 1,000° = 0-272, at 2,000°, 

• about 0*856. A perfectly distinct rise of the specific heat (for example, at 2,000°, 0*409), is 
> given by a comparison of observations made by the above-mentioned investigators and by 
Berthelot and Vieille (Koumakoff). The cause of this must be looked for in dissociation. 
T. M. Cheltzoff, however, considers upon the basis of his researches upon explosives that 
it must be admitted that a maximum is reached at a certain temperature (about 2,800°), 
•beyond which the specific heat begins to fall. 
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acid ; 18 and perhaps that is the reason the oxygen separates. On 
the other hand, it is known that plants always form and contain 
organic acids , and these must be regarded as derivatives of carbonic 
acid, as is seen by all their reactions, of which we will shortly treat 
For this reason it might be thought that the carbonic acid absorbed by 
the plants first forms (according to Baeyer) formic aldehyde, CH* 0 , 
and from it organic acids, and that these latter in their final trans¬ 
formation form all the other complex organic substances of the plants. 
Many organic acids are found in plants in considerable quantity ; for 
instance, tartaric acid, C 4 H 6 0 6 , found in grape-juice and in the acid 
juice of many plants; malic acid, C 4 H 6 O fi> found not only in unripe 
apples but in still larger quantities in mountain ash berries; citric 
acid, C 6 H 8 0 7 , found in the acid juice of lemons, in gooseberries, 
cranberries, &c.; oxalic acid, found in wood-sorrel and 

many other plants* Sometimes these acids exist in a free state in the 
plants, and sometimes in the form of salts ; for instancy tartaric acid 
is met with in grapes as the salt known as cream of tartar, but in the 
impure state called argol, or tartar, C 4 H 5 KO 0 . In sorrel we find the 
so-called salts of sorrel, or acid potassium oxalate, C3IIKO4* There is 
a very clear connection between carbonic anhydride and the above* 
mentioned organic acids—namely, they all, under one condition or 
another, yield carbonic anhydride, and can all be formed by means of it 
from substances destitute of acid properties. The following example! 
afford the best*demonstration of this fact : if acetic acid, C a H 4 0|, the 
acid of vinegar, be passed in the form of vapour through a heated tube, 
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it splits up into carbonic anhydride and marsh gas = C0 2 + CH 4 . But 
conversely it can also be obtained from those components into which it 
decomposes. If one equivalent of hydrogen in marsh gas be replaced 
(by indirect means) by sodium, and the compound CH^NTa is obtained, 
this directly absorbs carbonic anhydride, forming a salt of acetic acid, 
CH 3 Na + C0 2 = C 2 H 3 Na0 2 ; from this acetic acid itself may be 
easily obtained. Thus acetic acid decomposes into marsh gas and 
carbonic anhydride, and conversely is obtainable from them. The 
hydrogen of marsh gas does not, like" that in acids, show the property 
of being directly replaced by metals ; i.e. CH 4 does not show any acid 
character whatever, but on combining with the elements of carbonic 
anhydride^it acquires the properties of- an acid. The investigation of 
all other organic acids shows similarly that their acid character depends 
on their containing the elements of carbonic anhydride. For this 
reason there is no organic acid containing less oxygen in its molecule 
than there is in carbonic anhydride ; every organic acid contains in its 
molecule at least two atoms of oxygen. In order to express the rela¬ 
tion between carbonic acid, H 2 C0 3 , and organic acids, and in order to 
. understand the reason of the acidity of these latter, it is simplest to 
turn to that law of substitution which shows (Chapter VI.) the rela¬ 
tion between the hydrogen and oxygen compounds of nitrogen, and 
permits us (Chapter VIII.) to regard all hydrocarbons as derived 
from methane. If we have a given organic compound, A, which 
has not the properties of an acid, but contains hydrogen connected 
to carjxm, as in hydrocarbons, then AC0 2 will be a monobasic 
organic acid, A2C0 2 a bibasic, A3C0 2 a tribasic, and so on—that is, 
each molecule of C0 2 transforms one atom of hydrogen into that 
state in which it may be replaced by metals, as in acids. This 
furnishes a direct proof that in organic acids it is necessary to 
recognise the group HC0 2 , or carboxyl. If the addition of C0 2 raises 
the basicity, the removal of C0 2 lowers it. Thus from the bibasic 
oxalic acid, C 2 H 2 0 4 . or phthalic acid, C 8 H 6 0 4 , by eliminating C0 2 
(easily effected experimentally) we obtain the monobasic formic acid, 
CH 2 0 2 , or benzoic acid, C 7 H 6 0 2 , respectively. The nature of carboxyl 
is directly explained by the law of substitution. Judging from what 
has been stated in Chapters VI. and VIII. concerning this law, it 
is evident that C0 2 is CH 4 with the exchange of H 4 for 0 2 , and that 
the hydrate of carbonic anhydride, H 2 C0 3 , is CO(OH) 2 , that is, 
methane, in which two parts of hydrogen are replaced by two parts of 
the water radicle (OH, hydroxyl) and the other two by oxygen. 
Therefore the group CO(OH), or carboxyl, HC0 2> is a part of carbonic 
acid, and is equivalent to (OH), and therefore also to H. That is, it 
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its a univalent residue of carbonic acid capable of replacing one atom 
of hydrogen. Carbonic acid itself is a bi basic acid, kith hydrogen 
•atoms in it being replaceable by metals, therefore carboxyl, which o«»u- 
; tains one of tho hydrogen atoms of carbonio acid, represents a gamp in 
which the hydrogen is> exchangeable tor metals. And thea foro if 
I, 2 * * . n atoms of non-metallic hydrogen are exchanged 1, 8 . . * 
n times for carboxyl, we ought to obtain I, *2 . . * a*kudo acids. 
Orgmio acids are 'the products of the carboxyl substitution in 
hydrocarbons.™ blB If in tho saturated hydrocarbons, C n H 3rtt3 , one part 
.of hydrogen is replaced by carl>oxyl, tho monobasic jtAturAt<xl(or fatty) 
acids, C n H 2n+ ,(CO a II), will be obtained, as, for instance, formic acid, 

, HCOjHj acetic acid, CH 2 C0 2 I f, . * . stearic acid, C u H 3t VO t H t «te. 
fThe double substitution will give bilmsic acids, C tt H 3ll (tX) 4 H)(CO a H) ; 
•forinstance,-oxalic acid ftoO,maionio acid n w l, succinic add n ss % 
<fcc. To benzene, correspond benzoic add, phthaHo 

Sacid (and its isomerides), O a H 4 (00|II) f , up to mellitio aoid, O<*(C0 t H)|» 
!in all of which the basicity is equal to the number of carboxyl groups 
1 As many isomerides exist in hydrocarbons, it is readily understood not 
only that such can exist also in organic acids, but ’that thdr nitmlwr 
and structure may be foreseen. This complex and nmst interesting 
branch of chemistry is treated separately in organic! chemistry. 

Carbonic Oxide .—This ga# is formed whenever the combustion ot 
(organic substances takes place in tho presence of a large excess of 

i$ t>i» if QOjj is the anhydride of % bibwaio wild, and carboxyl e0rr«»$K>mU with it, ?•§» 
t placing the hydrogen of hydrocarbon®, and giving them the character nf com|mraUve!y 
'feeble acids, then 130 * is the anhydride of an energetto bthanie acid, *tnl autyhoxyh 
SOa(OH), corresponds with it, being capable of replacing tho hydrogen of hydt**ciub<m*» 
,'and forming comparatively energetic sulphur ojtyacuh (sutphontc a rub ); iw maton*#, 
CflH a (COOH), benzole acid, and C d lb(H()j()H), bcnmm?mlj>hunic acid, are from 

As the exchange of II for methyl, CHj, U otjmvahmi in fh« addition «f VU 3i tt«§ 
exchange of carboxyl, COOH, is equivalent to tho addition of CO,; #*> the »st-haag* *if It 
|for sulphoxyl is equivalent to the addition of BO* Tim latter pwetml# dirtily, ft* 
'instancoC e H 0 + SO 5 «»C 0 H 6 (SO 3 OH). 

As, according to the determinations of Thomsen, tha heal of etMubttaUon of tti« fnp#er« 
of acids RCOa is known where R is a hydrocarbon, ami the heat nf eombuslhm of the 
hydrocarbons R themselves, it may be ssen that the formation of adds, XtCO» tmm 
R + GO* is always accompanied by a small absorption or davalopmant of heat* We give 
the heats o! combustion in thousand# of eateries* referred to the cuoUotiiAr weights of 
the substances 


Ea 

He 

CH* 

c*ir. 

CfHi 


68'4 

911 

870 

m 

boo*» 

69*4 

tt* 

mi 

im 


.Thus Hs corresponds with formic acid, CH a O, ; bcnsenc, 0*11* with |*n»o!o acid, C|H f C%* 
f ho data for the latter are taken from Stohmann, and refer to the solid condition. Foe 
formio add Stohmana gives the heat of combustion at 89,000 odorlti So a liquid *tatt| 
but in a. state of vapour, 04‘0 thousand units, which Is much less thun according to 
Thomson. ^ 
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'incandescent charcoal, the air first burns the carbon into carbonic 
anhydride, but this in penetrating through the red-hot charcoal is 
transformed into carbonic oxide, C0 2 + C = 2CQ. By this reaction 
carbonic oxide is prepared by passing carbonic anhydride through char¬ 
coal at a red heat. It may be separated from the excess of' carbonic 
anhydride by passing it through* a solution of alkali, which does not 
absorb carbonic oxide. This reduction of carbonic anhydride explains 
why carbonic oxide is formed in ordinary clear fires, where the incoming 
air passes over a large surface of heated coal. A blue flame is then 
observed burning above the coal; this is the burning carbonic oxide. 
When charcoal is burnt in stacks, or when a thick layer of coal i* 
burning in a brazier, and under many similar circumstances, carbonic 
oxide is also formed. In metallurgical processes, for instance when 
iron is smelted from the ore, very often the same process of conversion 
of carbonic anhydride into carbonic oxide occurs, especially if the 
combustion of the coal be effected in high, so-called blast, furnaces and 
ovens, whero the air enters at the lower part and. is compelled to pass 
through a thick layer of incandescent coaL In this way, also, com¬ 
bustion with flame may be obtained from those kinds of fuel which 
under ordinary conditions burn' without flame : for instance, anthracite, 
coke, charcoal. Heating by means 
of a gas-producer—that is, an 
apparatus producing combustible 
carbonic oxide from fuel—is 
carried on in the same manner. 1 ® 

In transforming one part of char* 

19 In gas-producers all carbonaceous 
fuels are transformed into inflammable 
gas. In those which (on account of their 
slight density and large amount of water, 
or incombustible admixtures which ab¬ 
sorb heat) are not as capable of giving a 
high temperature in ordinary furnaces— 
for instance, fir cones, peat, the lower 
kinds of coal, &c.—the same gas is ob¬ 
tained as with the best kinds of coal, 
because the water condenses on cooling, 
and the ashes and earthy matter remain 
in the gas-producer. The construction 
of a gas-producer is seen from the ao 
companying drawing. The fuel lies on 
the fire-bars O, the air enters through 
them and the ash-hole (drawn by the 
draught of the chimney of the stove where 
the gas bums, or else forced by a blowing apparatus), the quantity of air beipg exactly 
regulated by means of valves. The gasss formed are then led by the .tube V; provided 



Fio.63.—Gas-producer for the formation of carbon 
monoxide for heating purposes. 
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coal into carbonic oxide 2,420 heat units arc given out, and on burning to 
carbonic anhydride 8,080 heat units. 11 is evident that on transforming 
tho charcoal first into carbonic oxide wo obtain a gas which in burning 
is capable of giving out 5,660 boat units for one part of charcoal. Thin 
preparatory transformation of fuel into carbonic oxide, or producer 
gas containing a mixture of carbonic oxide (about | by volume) and 
nitrogen (§ volume), in many cases presents most important advantages, 
as it is easy to completely burn gaseous fuel without an excess of air, 
which would lower tho temperature. 40 In stoves where solid fuel in 
burnt it is impassible to effect tho complete combustion of tho various 
kinds of fuel without admitting an excess of air. t burnous fuel, such as 
carbonic oxide, is easily completely mixed with air and burnt without 
excess of it. If, in addition to this, the air and gas required for tho 
combustion be previously heated by means of tho heat which would 
otherwise be uselessly carried off in the products of combustion (smoke)* 1 
it is easy to reach a high temperature, so high (about 1,800°) that 
platinum may be melted. Such an arrangement is known a» a tvgiftm- 
ratine fumaco. 11 By moans of this process not only may tho high 
tempera taros indispensable in many industries lie obtaimxl (for instance, 

with a valve, into'the rm main 0. The addition of fool ought fo m *»ueh * way 

ftt to prevent the generated gas escaping ; hence the upao© h I* kepi tilled with the wtn- 
buitible material and covered with a lid. 

*o jfox excess of air lower® the temperate® of eembuftteo, 14 tmmmm tatted 

It&eU, m explained in Chapter XXX. In ordinary tommm the mmm of dt It title* or 
four times greater than the quantity required for perfect combustion. la tho Iwwt 
fnmaoee (with fire-bare, regulated air supply, a»d corresponding chimnoy draught) 14 is 
necessary to introduce twice as much air as is neooiwary, otherwise the wntains 

much carbonio oxide, 

n If in manufactories it i» ncooHsary, for instnnr**, to maintain ttw trmpaiattmt m a 
furnace at 1,000°, the fiorno passes out at thin or a higlur temj*rmtura, and thfimfot* 
much fuel is lost in the smoke. For the draught of the ch»m*»**> a *4 Itir 1 

to 150° is sufficient, and therefore the remaining h*at ought te t*» uldt»ed. For this 
purpose the flues are carried under bolters or other heating apparatus, The preparatory 
heating of the air is the best means of utilisation when a high temperature ia desired (m 
Note aa). 

» Bepnerative furnace* were introduced by the Brothers (Uamea* shunt tit* ye* » 
I860 ha many Industries, wad mark a meet Important progress In the mm of fuel, tape* 
eiaUy ip bbtofoing high temperatures. The prlnotjilo in m follows, Tlw products of 
combustion from tee furnace we ted into a chamber, 1, anil heat up tl*® bricks la It, and 
then pass Into the outlet flue; when the bricks are at a red heat the product# of eem» 
bustion are passed (by altering the valves) Into another adjoining chamber, II, ami air 
requisite for the combustion of the generator gases Is passed through X, In passing round 
pbout the incandescent bricks tile air is heated, and the bricks are rooted -that in, the 
heat of the smoke it returned into the furnace, Tho air is then passed through 11, and tho 
smoke through I The regenerative burners for illuminating gas we founded on this 
same principle, the products of combustion heat tee incoming air and gas, tee tempera* 
ture in higher, the light brighter, and an economy of gas It effected, Absolute jwrfwtio* 
in these appliances has, of course, not yet been attained; further improvement I# 
atillvpoesibte, but dissociation Imposes a limit because at a certain high temperate** 
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glass-working, steel-melting, &c.), but great advantage also 23 is gained 
as regards the quantity of fuel, because the transmission of heat to the 
object to be heated, other conditions being equal, is determined by the 
difference of temperatures. 

The transformation of carbonic anhydride, by means of charcoal, 
into carbonic oxide (C + C0 2 =• CO + CO) is considered a reversible 
reaction, because at a high temperature the carbonic oxide splits up 
into carbon and carbonic anhydride, as Sainte-Claire Deville showed by 
using the method of the * cold and hot tube.* Inside a tube heated in 
a furnace another thin metallic (silvered copper) tube is fitted, through 
which a constant stream of cold water flows. The carbonic oxide 
coming into contact with the heated walls of the exterior tube forms 
charcoal, and its minute particles settle in the form of lampblack on 
the lower side of the cold tube, and, since they are cooled, do not 
act further on the oxygen or carbonic anhydride formed. 24 A series 

combinations do not ensue, possible temperatures being limited by reverse reactions. 
Here, as in a number of other cases, the further investigation of the matter must prove 
-of direct value from a practical point of view 

55 At first sight it appears absurd, useless, and paradoxical to lose nearly one-third of the 
heat which fuel can develop, by turning it into gas. Actually the advantage is enormous, 
especially for'producing high temperatures, as is already seen from the fact that fuels rich 
in oxygen (for instance, wood) when damp are unable, with any kind of hearth whatever, to 
give the temperature required for glass-melting or steel-casting, whilst in the gas-producer 
they furnish exactly the same gas as the driest and most carbonaceous fuel. In order to 
understand the principle which is here involved, it is sufficient to remember that a largo 
amount of heat, but having a low temperature, is in many cases of no use whatever. Wo 
are unable here to enter into all the details of the complicated matter of the application 
of fuel, and further particulars must be sought for in special technical treatises. The 
following footnotes, however, contain certain fundamental figures for calculations con¬ 
cerning combustion. 

24 The first product of combustion of charcoal is always carbonic anhydride, and not 
carbonic oxide. This is seen from the fact that with a shallow layer of charcoal (less 
than a decimetre if the charcoal be closely packed) carbonic oxide is not formed at all. 
It is not even produced with a deep layer of charcoal if the temperature is not above 500°, 
and the current of air or oxygen is very slow. With a rapid current of air the charcoal 
becomes red-hot, and the temperature rises, and then carbonic oxide appears (Lang 1888). 
Ernst (1891) found that below 995° carbonic oxide is always accompanied by C0 2 , and 
that the formation of C0 2 begins about 400°. Naumann and Pistor determined that tho 
reaction of carbonic anhydride with carbon commences at about 550°, and that between 
water and carbon at about 500°. At the latter temperature carbonic anhydride is formed, 
and only with a rise of temperature is carbonic oxide formed (Lang) from the action of 
the carbonic anhydride on the carbon, and from the reaction CO.> + H 2 = CO + H 2 0. 
Eathke (1881) showed that at no temperature whatever is the reaction as expressed by tho 
equation C0 2 +Csa2C0 2 , complete; a part of the carbonic anhydride remains, and Lang 
determined that at about 1,000° not less than 8 p.c. of the carbonic anhydride remains 
untransformed into carbonic oxide, even after the action has been continued for several 
hours. The endothermal reactions, C 2H 2 0 = COo + 2H 2 , and CO + H 2 0=C0 2 +H 2 , 
are just as incomplete. This is made clear if we note that on the one hand tho 
above-mentioned reactions are all reversible, and therefore bounded by a limit; and, on 
the other hand, that at about 500° oxygen begins to combine with hydrogen and carbon. 
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of electric sparks also decomposes carbonic oxide into carbonic anhydride 
and carbon, and if the carbonic anhydride l>e removed by alkali com¬ 
plete decomposition may be obtained (DeviHe). 34 ^* Atjuwus 
which is so similar to carbonic anhydride) in many rmpete, act#, at * 
high temperature, on charcoal in an exactly similar way, C *F Il./Y 
«= B 2 •+• CO. From 2 volumes of earlxmki anhydride with charcoal 
4 volumes of carbonic oxide (2 moliHmles) are obtained, and 
precisely the same from 2 volumes of water vapour with charcoal 
4 volumes of a gas consisting of hydrogon and carlnmic oxide (H„ 4* C< 
are formed This mixture of combustible gam*# i» called tmi^r 

and also that tho lower limits of dissociation of water, cartxmu* anhydride, am! eartenuo 
oxide lie near one another between UW li n.n«l Fur water aud car bum® «xtd« tho 

lower limit of tho commencement of dissociation itt unknown, but Judging from the pub¬ 
lished data (according to I*e Chatelior, 1BHB) that of carbonic anhydride may Iw t&km 
m about 1,050°. Even at about 800® half the earbotiir aithydrido dissociates if tlm 
pressure bo small, about 0*001 atmosphere. At tho atmospheric proseum, not mote tSi«i 
0*03 p.c. of the carbonic anhydride decomposes. The season of the influence of pressure 
is here evidently that tho iplittmg up of carbonic anhydride into carbonic ox id# and oxygen 
(g accompanied by an increase in volume (&a in the case of tint diwuxiiation of iwlfk 
peroxide. See Chapter VI., Note 40), An in ittoveii and tempi*. and *Uwi with 
substances, the temperature is not higher than ' to 13,500 , it m evident that although 
tho partial pressure of carbonic anhydride ni ritual), still itti dtawm mtion oamml Iwrn If# 
considerable, and probably does not ex mod 5 p.c. 

n 1918 Bewdei which L. Mond (1H1K>) showed that lint |>owd«r of f ruddy rwdueWl 
metallic nickel (obtained by heating th® oxide to rftdneee in a stream of hydrogen) to able, 
when heated even to 850°, to completely decompose carbonic oxide Into CO*and carbon, 
which remains with the nickel and is easily removed JCrom it by heating in a stream til 
air. Her® ftCO«»CO a +C. It should be remarked that Heat is evolved in fct»« read mo 
(Note 25), and, therefor® that the influence of ‘ contact * may here play a part, Itidn**!, 
this reaction must be classed among tho moat remarkable umtanee# of the tufluenru «if 
contact, especially as metals analogous to Nt (F« and t*»») do not effect Urn reaction 
($m Chapter II., Note 17). 

n A molecular weight of this gan, or 53 volumes* VQ fJH grama), im 
(forming CO.*) give® out heat units (Thomwn 87,980 union®*). A moteetdar weight 
of hydrogen, IIj (or 2 volumes), develops on burning into water 6tt k (Krti hml mute 

(according to Thomsen C8,lK>0), but if it form® aqueous vapour &tt,0CK) heat unite Char* 
cool, resolving itself by combustion into th® molecnlar quantity of CO a |i vtdm*»ff*j^ 
develops 07,000 heat units. From the data furnished by these exothermal fmvUum b 
follows; (1) that the oxidation of charcoal into carbonic oxide davt.hqm itihtiiJi)heat uniteg 
(2) that the motion C + CO^SCO absorbs 80,000 beat unite ; (S) C t JIgt) II t * CO 
absorb* (if the water be in a state of vapour) 539,000 eateries, bat if the water be liquid 
40,000 calories (almost as much «C + C0 a ); (4) C^t 11*0-wCO] t fllj akmttlm (if t|v, 
water be in a state of vapour) 19,000 heat unite; (8) tii« reaction €O + II a 0-*CO f t ll t 
develops 10,000 heat unite if tiie water be In the state of vajmiir; ami (ft| tint dMmrnptmk 
tion expressed by the ecjnation SCO*C i*CO a (Note %i bis) i» amimpatitofl by tlm 
Hon of 89,000 unite of heat. 

Heno® it follows that 9 volumes of CO or H| burning into COg m II f O 
almost th® same amount of heat, Just as also tlio b®#t omrrasposnhng with tks 

equations 

€ + H#-C0+H| 

C+C0i-C»+C0 

are nearly crqusd. 
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But aqueous vapour (imcl only when strongly Miperlmitctl, otherwise 
it cook the charcoal) only aet§ on charcoal to form a large amount of 
carbonic oxide at a very high temperature (at which carbonic anhydride 
dissociates) ; it begins to react at about 500°, forming carbonic 
anhydride according to the equation C 4* 21C a O a CO a + 2H a . Boride* 
this, carbonic oxide on iplitting up forms carbonic anhydride, and 
therefore water ga* always contains a mixture 26 in which hydrogen 
predominates, the volume of carbonic oxide being comparatively less, 

Watar gm t obtalmid from steam sad charcoal at a whit® h#at» contains about DO p.c. 
of hydrogen, about 40 p.e. of carbonic oxide, about 5 pie. of earboaio anhydride, the 
ttmatadwr being nitrogen from th© charcoal and air. Compared with producer gas, which 
«ontaka much nitrogen, this is a gas much richer in oombustlbk matter, and th#r«toi» 
capable of giving high temperatures, and is for this reason of th® greatest utility. If ear* 
boai© anhydride could bo an readily obtained in as pure a state ai water, then CO might bo 
prttgtaml directly from CO„ f 0 , and in that case the utilisation of Urn boat of the carbon 
would be the same as in water gag, Ikkummu CO evolves as much heat as It,, and even morn 
if the temjwtiture of the smoke be over 100 ', and Urn water remains in the form of vapour 
(Note gft). But producer gas contains a large proportion of nitrogen, m\ that its effective 
temperature is below that given by water gas \ therefore in places where a particularly 
high temperature is required (for instance, for lighting by means of incandescent lime or 
magnesia, or ter steal malting, #©.), wad white fth* gm oaa b# easily distributed through 
pip**, water |p> i* at presort bsld in Wgh *etim*tio&, but when (la ordkary tmtomm* 
, gtafrwoltlftf, and other furaMee) a wry high tempt»tw§ l§ not roqulrtd, 
and them is no mood to convey th® gas In pipes, producer gas is generally preferred on 
account of the simplicity of its preparation, ©specially as for water gas such a high 
temperature is required Uiat the plant sooa l^oeomos damaged. 

There are numerous systems for making water gas, but the American patent of T. t*>we 
Is generally used. The gas is prepare! in a cylindrical generator, into which hot air I* 
intrmluoed, in order to raise Hi© coke in It to a white heat. The products of combustion 
containing carbonic oxide am utilised for superheating steam, which is then passed 
over the white hot ©dte. Water gas, or a mixture of hydrogen and carbonic oxide, is 

fr j hpfii. 

Water gas is sometimes eelkft *tk$fi**lQflheftdur$ t t because it is applicable to all 
purposes, develops a high temperature, and is therefore available, not only for domestio 
and industrial uses, but also tor gas-motors and tor lighting. For Hit latter purpose 
platinum, lime, magnesia, rimmia, and similar substance* (as in th# Drummond tight, 
Chapter III,), are rendered ineandem^nt in the flame, or tin® th® ga# is e«rlt§r#ff#d^ 
that, in, mixed with the vapours of volatile hytlroearbons (generally be&sene or naphtha, 
naphthalene, or simply naphtha, gas), which communicate to the pal® flau\e of carbonic 
oxide ami hydrogen a great brilliancy, owing to th® high temperature devoltqxd by t thu 
combustion of the iion-lumlnous gases. As water gas, pnesoitMiug then© pro|HU’tieii, may 
be prepared at centra] works and conveyed in pipes to the consumers, and m it may bo 
produced from any kind of fuel, and ought to 1m much oheaimr than ordinary gas, it may 
m a matter of fact ki expected tliat in emirs© of time (when ©x|H»rume« aliall have deter* 
mined the cheapest and tewt way to prepare it) it will not only supplsut ordinal gas, but 
wiU with advantage everywtens replace the ordinary form* of fuel, which in many respect* 
«ar# Inconvenient. At present its consumption spreads principally for lighting puiqsists, 
ted tor um in gaa^engiues instead of ordinary illuminating gas, In some oases Dowtcm 
fa# i# |*n:ii«rml in producer*. Tide is a mixture of water and producer gases obtained 
by passing steam into an ordinary producer (Note ID), when th® temperature of th* 
h#a become sufficiently high for th® reaction C 4 HfO « CO *t II§, 
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whilst tHe- amount 'of carbonic‘anhydride increases m the temporaturo 
of the reaction decrease® (generally it is more than 3 per emit.) 

Metals like iron and zinc which at a red heat ft re capable* of 
decomposing water with the formation of hydrogen, also dceomjxwo 
carbonic anhydride with the formation of cartonic oxide ; so both 
the ordinary products of complete combustion, water and eftrlxmie 
anhydride, are very similar in their reactions, and wo shall therefore 
presently compare hydrogen and carbonic oxide. The metallic oxides 
of the above-mentioned metals, when reduced by charcoal, n]m give 
carbonic oxide. Priestley obtained it by heating charcoal with ritto 
oxide. As free carbonic anhydride may be transformed into curium ie 
oxide, so, in precisely the same way, may that carbonic acid which m 
in a state of combination; hence, if magnesium or barium carbo¬ 
nates (MgCO* or BaCO*) be heated to roflaess with oluirronl, or iron 
or zinc, carbonic oxide will be produced—for instance, it is obtained by 
heating an intimate mixture of 9 parts of chalk and 1 pari of charcoal 
in a clay retort 

Many organic substances 97 on being heated, or under the fiction of 
various agents, yield carbonic oxide ; amongst theme are many organic 
or carboxylic acids. The simplest are formic and oxalic acids. Formic 
acid, OH a O a , on being heated to 200°, easily decomposes inti carbonic 
oxide and water, 0H*O* am 00 + HgO. 37 **• Usually, however, car¬ 
bonic oxide is prepared in laboratories, not from formic but from oxalic 
acid, 0 2 H a 0 4 , the more so as formic mid k limit prepared I mm oxalic 
acid. The latter add is easily obtained by the action of nitric arid on 
starch, sugar, <feo.; it is also found in nature. Oxalic acid m easily 
decomposed by heat, its crystals first lose water, then partly voktilims 
but the greater part is decomposed. The dmmiHmtmn k of the 
following nature it splits up into water, carbonic oxide, and carbonic 
anhydride, 38 0*11*0 4 « 11*0 + CO* + CO, This dwompwMmi m 
generally practically effected by mixing oxalic add with strong til- 

87 The yellow prusstete, m b§ta| I mdml with tm parts of idgmg 

sulphuric odd forms a oaaildersbto quantity of very pan earbtmte midm quite ftm tmm 
carbonic anhydride* 

n perform this reaction, the famio «M4 b mil®! with glyewiti#* Ummum wln» 

hoatea alone it volatilises much below its temperature of imfmmMUm* When 
with sulphuric acid the salt* of formlo add yield carbonic oxhta. 

m The decomposition of formic and oxalic acids, with the formation of carhonk oxide, 
€0 ^25S5£ thMe aoids “ 0M * >0 *y l derivatives, may be explained m follows ini 
is H(OOOH) and the second (COQH)a, or H*in which one or both halves of the hydrn§r«» 
6x& exchanged for carboxyl j therefore they art s^nsl to II,+CO t and H* + SCO, l but 
wlth 00sb M k** above, formteg CO end II#. From this It I* «j«o 

evident that oxalic acid on losing CO* forms formic add, and «lso that Hi# tetter mmw 
proceed from C0+B*0, as we shall see further on. 
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phuric acid, because the latter assists the decomposition by taking up 
the "water. On heating a mixture of oxalic and sulphuric acids a 
mixture of carbonic oxide and carbonic anhydride is evolved. This 
mixture is passed through a solution of an alkali in order to absorb 
the carbonic anhydride, whilst the carbonic oxide passes on. 281)18 

In its physical properties carbonic oxide resembles nitrogen ; this 
is explained by the equality of their molecular weights. The absence 
of colour and smell, the low temperature of the absolute boiling point, 
— 140° (nitrogen, — 146°), the property of solidifying- at — 200° 
(nitrogen, — 202°), the boiling point of — 19Q 9 (nitrogen, —203°), 
and the slight solubility (Chapter L, Note 30), of carbonic oxide are 
almost the same as in those of nitrogen. The chemical properties of 
both gases are, however, very different, and in these carbonic oxide 
resembles hydrogen. Carbonic oxide burns with a blue flame, giving 
2 volumes of carbonic anhydride from 2 volumes of carbonic oxide, just 
as 2 volumes of hydrogen give 2 volumes of aqueous vapour. It 
explodes with oxygen, in the eudiometer, like hydrogen. 2 ^ When 
breathed it acts as a strong poison, being absorbed by the blood; 30 
this explains the action of charcoal fumes, the products of the 

28 bia Greshofl (1888) showed that with a solution of nitrate of silver, iodoform, CHI S , 
forms CO according to the equation CHI 3 +8AgNO s +^0*8AgI + 8BTO) 3 +CO. The 
reaction is immediate and is oomplete. 

w It is remarkable that, according to the investigations of Dixon, perfectly dry 
carbonic oxide does not explode with oxygen when a spark of low intensity is used, but 
an explosion takes place if there is the slightest admixture of moisture. L. Meyer, 
however, showed that sparks of an electric discharge of considerable intensity produce 
an explosion. N. N. Beketoff demonstrated that combustion proceeds and spreads 
slowly unless there, be perfect dryness. I think that this may be explained by the fact 
that water with carbonic oxide gives carbonic anhydride and hydrogen, but hydrogen 
with oxygen gives hydrogen peroxide (Chapter VTL), which with carbonic oxide forms 
carbonic anhydride and water. The water, therefore, is renewed, and again serves the 
same purpose. But it may be that here it is necessary to acknowledge a simple contact 
influence. After Dixon had shown the influence of traces of moisture upon the reaction 
CO + O, many researches were made of a similar nature. The fullest investigation into 
the influence of moisture upon the course of many chemical reactions was made by Baker 
in 1894. He showed that with perfect dryness, many chemical transformations (for 
example, the formation of ozone from oxygen, the decomposition of AgO, KC10 3 under 
the action of heat, &c.) proceeds in exactly the same manner as in the presence of 
moisture; but that in many cases traces of moisture have an evident influence. We may 
mention the following instances: (1) Dry S0 3 does not act upon dry CaO or CuO; (2) 
perfectly dry sal-ammoniac does not give NH 3 with dry CaO, but simply volatilises; (8) 
dry NO and O do not react; (4) perfectly dry NH 3 and HC1 do not combine; (5) perfectly 
dry sal-ammoniac does not dissociate at 850° (Chapter VIL 0 Note 15 bis); and (6) perfectly 
dry chlorine does not act upon metals, &c. 

50 Carbonic oxide is very rapid in its action, because it is absorbed by the blood in 
(he same way as oxygen. In addition to this, the absorption spectrum of the blood 
changes so that by the help of blood it is easy to detect the slightest, traces of carbonic 
oxide in the air. M. A. Kapouetin found that linseed oil and therefore oil paints, are 
capable of giving off carbonic oxide while drying (absorbing oxygen). 
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Incomplete combustion of charcoal and other carbonaceous fuels. 
Owing to its faculty of combining with oxygen, carbonic oxide acts as 
a powerful reducing agent, taking up the oxygen from many compounds 
at a red heat, and being itself transformed into carbonic anhydride* 
The reducing action of carbonic oxide, however, is (like that of hydro¬ 
gen, Chapter II.) naturally confined to those oxides which easily part 
with their oxygen—as, for instance, copper oxide—whilst the oxides 
of magnesium or potassium are not reduced. Metallic iron itself is 
capable of reducing carbonic anhydride to carbonic oxide, just as if 
liberates the hydrogen from water. Copper, which does not decompose 
water, does not decompose carbonic oxide. If a platinum wire heated 
to 300°, or spongy platinum at the ordinary temperature, be plunged 
into a mixture of carbonic oxide and oxygen, or of hydrogen and 
oxygen, the mixture explodes. These reactions are very similar to 
those peculiar to hydrogen. The following important distinction, 
however, exists between them—namely : the molecule of hydrogen is 
composed of H 2 , a group of elements divisible into two like parts, 
whilst, as the molecule of carbonic oxide, CO, contains unlike atoms of 
carbon and oxygen, in none of its reactions of combination can it give 
two molecules of matter containing its elements. This is particularly 
.noticeable in the action of. chlorine on hydrogen and on carbonic oxide 
respectively ; with the former chlorine forms hydrogen chloride, and 
with the latter it produces the so-called carbonyl chloride, COCl 2 * 
that is to say* the molecule of hydrogen, H 2 , under the action of 
„ chlorine divides, forming two molecules of hydrochloric acid, whilst the 
molecule of carbonic oxide enters in its entirety into the molecule of car¬ 
bonyl chloride. This characterises the so-called diatomic or bivalent re* 
actions of radicles or residues. H is a monatomic residue or radicle, 
like K, Cl, and others, whilst carbonic oxide, CO, is an indivisible (un- 
decomposable) bivalent radicle, equivalent to H a and not to H, and 
therefore combining with X 2 and interchangeable with H 2 . This 
distinction is evident from the annexed comparison . 


HH, hydrogen. 

HC1, hydrochlorio acid* 
HKO, potash. 

H]$rH 2 , ammonia.. 
HCH 3 , methane. 

HHO, water. 


CO, carbonic oxide. 

COCl 2 , carbonyl chloride. 
CO(KO) 2> potassium carbonate. 
CO(3STH 2 ) 2 , urea. 

CO(CH 3 ) 2 , acetone. 

CO(HO) 2 , carbonic acid. 


Such monatomic (univalent) residues, X, as H, Cl, Na,NT0 2 , NH 4 , 
CH 3 , C0 2 H (carboxyl), OH, and others, in accordance with the law 
of substitution, combine together, forming compounds, XX' , and with 
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oxygen, or in general with diatomic (bivalent) residues, Y—for instance, 
O, CO, CH 2 , S, Ca, &c. forming compounds XX'Y; but diatomic 
residues, Y, sometimes capable of existing separately may combine 
together, forming YY'and with X 2 or XX', as we see from the transi¬ 
tion of CO into C0 2 and COCl 2 . This combining power of cprbonio 
oxide appears in many of its reactions. Thus it is very easily ab* 
•sorbed by cuprous chloride, CuCl, dissolved in fuming hydrochloric 
acid, forming a crystalline compound, C0 Cu 2 C1 2 ,2H 2 O, decomposable 
by water; it combines directly with potassium (at 90°), forming 
(KCO) n 81 with platinum dichloride, PtCl 2 , with chlorine, Cl 2 , &c. 

But the most remarkable compounds are (1) the compound of CO 
with metallic nickel, a colourless volatile liquid^ M(CO) 4 , obtained by 
L. Mond (described in Chapter XXII.) and (2) the compounds of cars 
bonic oxide with the alkalis, for instance with potassium or barium 
hydroxide, &c.—although it is not directly absorbed by them, as it has 
no acid properties. Berthelot (1861) showed that potash in the presence 
of water is capable of absorbing carbonic oxide, but the absorption 
takes place slowly, little by little, and it is only after being heated 
for many hours that the whole of the carbonic oxide is absorbed by 
the potash. The salt CHK0 2 is obtained by this absorption ; it cor¬ 
responds with an acid found in nature—namely, the simplest organio 
(carboxylic) acid, formic acid , CH 2 0 2 . It can be extracted from the 
potassium salt by means of distillation with dilute sulphuric acid, 
just as nitric acid is prepared from sodium nitrate. The same acid 
is found in ants and in nettles (when the stings of the nettles puncture 
the skin they break, and the corrosive formic acid enters into the 
body) ; it is also obtained during the action of oxidising agents on many 
organic substances; it is formed from oxalic acid, and under many 
conditions splits up into carbonic oxide and water. In the formation 
of formio acid from carbonic oxide we observe an example of the 
synthesis of organic compounds, such as are now very numerous, and 
are treated of in detail in works on organic chemistry. 

Formic acid, H(CH0 2 ), carbonic acid, H0(CHO 2 ), and oxalic acid, 
(CH0 2 ) 2 , are the simple organic or carboxylic acids, R(CH0 2 ) cor- 

V The molecule of metallic potassium (Scott, 1887), like that of mercury, contains only 
one atom, and it is probably in virtue of this that the molecules CO and K combine together. 
But as in the majority of cases potassium acts as a univalent radicle, the polymeride 
K 2 C 2 02 is formed, and probably K 10 CioOio, "because products containing C 10 are formed 
by the action of hydrochloric acid. The black mass formed by the combination of 
carbonic oxide with potassium explodes with great ease, and oxidises in the air. Although 
Brodie, Lerch, and Joannis (who obtained it in 1878 in a colourless form by means of 
NHgK, described in Chapter VI., Note 14) have greatly extended our knowledge of this 
compound, much still remains unexplained. It probably exists in various polymeric and 
isomeric forms, having the composition (KCO)» and (NaCO)«. 
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responding with HH and HOH. Commencing with carbonic oxide, CO, 
the formation of carboxylic acids is clearly seen from the fact that CO is 
capable of combining with X 2 , that is of forming COX 2 . If, for instance, 
one X is an aqueous residue, OH (hydroxyl), and the other X is hydrogen, 
then the simplest organic acid—formic acid, H(COOH)—is obtained. 
As all hydrocarbons (Chapter Till.) correspond with the simplest, CH 4 , 
so all organic acids may be considered to proceed from formic acid. 

In a similar way it is easy to explain the relation to. other com* 
pounds of carbon of those compounds which contain nitrogen. By 
way of an example, we will take one of the carboxyl acids, R(C0 2 H), 
where R is a hydrocarbon radicle (residue). Such an acid, like all 
others, will give by combination with NH 3 an ammoniacal salt, 
R(C0 2 NH 4 ). This salt contains the elements for the formation of two 
molecules of water, and under suitable conditions by the action of 
bodies capable of taking it up, water may in fact be separated from 
R(C0 2 NH 4 ), forming by the loss of one molecule of water, amides , 
RCOXH 2 , and by the loss of two molecules of water, nitrites , RCN, 
otherwise known as cyanogen compounds or cyanides . 3a If all the 
carboxyl acids are united not only by many common reactions but 
also by a mutual conversion into each other (an instance of which 
we saw above in the conversion of oxalic acid into formic and carbonic 
acids) one would expect the same for all the- cyanogen compounds also. 
The common character of their reactions, and the reciprocity of their 
transformation, were long ago observed by Gay-Lussac, who recog¬ 
nised a common group or radicle (residue) cyanogen, CN", in all of 
them. The simplest compounds are hydrocyanic or prussic acid ., HON, 
cyanic acid, OHCN, and free cyanogen, (CN) 2 , which correspond to the 
three simplest carboxyl acids: formic, HC0 2 H, carbonic, 0BLC0 2 H, 
and oxalic, (C0 2 H) 2 . Cyanogen, like carboxyl, is evidently a mon¬ 
atomic residue and acid, similar to chlorine. As regards the amides 
RCOXH 2 , corresponding to the carboxyl acids* they contain the 
ammoniacal residue NH 2 > and form a numerous class of organic com¬ 
pounds met with in nature and obtained in many ways, 33 but not 

53 The connection of the cyanogen compounds with the rest of the hydrocarbons by 
means of carboxyl was enunciated by me, about the year 1860, at the first Annual Meeting 
of the Russian Naturalists. 

33 Thus, for instance, ox amide> or the amide of oxalic acid, (CNH 2 0) 2 , is obtained in 
the form of an insoluble precipitate on adding a solution of ammonia to an alcoholic 
solution of ethyl oxalate, (C 0 2 C 2 H 5 ) 2 , which is formed by the action of oxalic acid oO 
alcohol: (CH0 2 )2+2(C 2 H 5 )OH=2HOH+{CC^CsH^o. As the nearest derivatives of 
ammonia, the amides treated with alkalis yield ammonia and form the salt of (he acid. 
The nitriles do not, however, give similar reactions so readily. The majority of amides 
corresponding to acids have a composition RNH 2 , and therefore recombine with water with 
great ease even when simply boiled with it, and with still greater facility in presence of 



COMPOUNDS OF CARBON WITH OXYGEN AND NITROGEN 407 


distinguished by such characteristic peculiarities as the cyanogen com¬ 
pounds. 

The reactions and properties of the amides and nitriles of the 
organic acids are described in detail in books on organic chemistry; we 
will here only touch upon the simplest of them, and to dearly explain 
the derivative compounds will first consider the ammoniacal salts and 
amides of carbonic acid. 

As carbonic acid is bibasic, its ammonium salts ought to have the 
following composition : acid carbonate of ammonium, H(NTH 4 )C0 3 , and 
normal carbonate , (NH 4 ) 2 C0 3 ; they represent compounds of one or 
two molecules of ammonia with carbonic acid. The acid salt appears 
in the form of a non-odoriferous and (when tested with litmus) neutral 
substance, soluble at the ordinary temperature in six parts of water, 
insoluble in alcohol, and obtainable in a crystalline form either without 
water of crystallisation or with various proportions of it. If an aqueous 
solution of ammonia be saturated with an excess of carbonic anhydride, 
and then evaporated over sulphuric acid in the bell jar of an air-pump, 
crystals of this salt are separated. Solutions of all other ammonium 
carbonates, when evaporated under the air-pump, yield crystals of this 
salt. A solution of this salt, even at the ordinary temperature, gives 
off carbonic anhydride, as do all the acid salts of carbonic acid (for 
instance, NaHC0 3 ), and at 38° the separation of carbonic anhydride 
takes place with great rapidity. On losing carbonic anhydride and 
water, the acid salt is converted into the normal salt, 2(NH 4 )HC0 3 
H 2 0-f C0 2 + (NH 4 ) 2 C0 3 ; the latter, however, decomposes in solu¬ 
tion, and can therefore only be obtained in crystals, (KH 4 ) 2 C0 3 ,H 2 0, at 
low temperatures, and from solutions containing an excess of ammonia 
as the product of dissociation of this salt: (NH 4 ) 2 C0 3 == NH 3 
4* (NH 4 )HC0 3 . But the normal salt, 34 according to the general type, is 


acids or alkalis. Under the action of alkalis the amides naturally give off ammonia, 
through the combination of water with the amide, when a salt of the acid from which the 
amide was derived is formed: RNH 2 +KHO=RXO+NH 3 . 

The same reaction takes place with aoids, only an ammoniacal salt of the acid is of 
course formed whilst the acid held in the amide is liberated: RNH 2 +HC1+H 2 0 
«RH0+NH 4 C1. 

Thus in the majority of cases amides easily pass into ammoniacal sails, but they 
differ essentially from them. No ammoniacal salt sublimes or volatilises unchanged, and 
generally when heated it gives off water and yields an amide, whilst many amides vola¬ 
tilise without alteration and frequently are volatile crystalline substances which may be 
easily sublimed. Such, for instance, are the amides of benzoic, formic, and many 
other organic acids. 

54 The acid salt, (NH^HCOs, on losing water ought to form the carbapric acid, 
0H(CNH 2 0); but it is not formed, which is accounted for by the instability of the acid 
salt itself. Carbonic anhydride is given .off and ammonia is produced,, which gives 
^.ammonium carba mate. 
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capable of decomposing with separation of water , and forming ammonium 
carbamate, NH 4 0(C0NH 2 ) = (NH 4 ) 2 C0 3 — fi 2 0 *, this still further 
complicates the chemical transformations of the carbonates of am¬ 
monium. It is in fact evident that, by changing the ratios of 
water, ammonia, and carbonic acid, various intermediate salts will be 
formed containing mixtures or combinations of those mentioned above. 
Thus the ordinary commercial carbonate of ammonia is obtained by 
heating a mixture of chalk and sulphate of ammonia (Chapter VI.), or 
sal-ammoniac, 2NH 4 C1 4* CaC0 3 = CaCl 2 + (NH 4 ) 2 C0 3 . The normal 
salt, however, through loss of part of the ammonia, partly forms the 
acid salt, and, partly through loss of water, forms carbamate, and most 
frequently presents the composition NH 4 0(C0NH 2 ) + 20H(C0 2 NH 4 ) 
^=4NTH 3 + 3C0 2 + 2H a O. This salt, in parting under various con¬ 
ditions with ammonia, carbonic anhydride, and water, does not 
present a constant composition, and ought rather to be regarded as a 
mixture of acid salt and amide salt. The latter must be recognised as 
entering into the composition of the ordinary cs^bonate of ammonia, 
because it contains less water than is required for the normal or acid 
salt ; 3S but on being dissolved in water this salt gives a mixture of acid 
and normal salts. 

Each of the two ammoniacal salts of carbonic acid has its corre¬ 
sponding amide. That of the acid salt should be acid, if the water given 
off takes up the hydrogen of the ammonia, as it should according to the 
common type of formation of the amides, so that OHCOKH 2 , or 
carbamic acid, is formed from 0HC0 3 NTH 4 . This acid is not known in 
a free state, but its corresponding ammoniacal salt or ammonium car - 
hamate is known. The latter is easily and immediately formed by 
mixing 2 volumes of dry ammonia with 1 volume of dry carbonic anhy¬ 
dride, 2NH 3 + C0 2 = NH 4 0(C0NH 2 ) ; it is a solid substance, smells 
strongly of ammonia, attracts moisture from the air, and decomposes 
completely at 60°. The fact of this decomposition may be proved 36 by 
the density of its vapour, which = 13 (H = 1); this exactly corresponds 
with the density of a mixture of 2 volumes of ammonia and 1 volume 

35 In the normal Balt, .2NH S +C0 2 +H 2 0, in tbe add salt, NH 5 +C0 2 +ELjO, but in tbe 
commercial salt only 2H 2 0 to 8C0 2 . 

36 Naumann determined the following dissociation tensions of the vapour of 
carbamate (in millimetres of mercury):— 

- 10 ° 0 ° + 10 ° 20 ° 80° 40° 60° 00 ° 

6 12 80 62 124 248 470 770 

Horst m a rm and Isambert studied tbe tensions corresponding to excess of NH 3 or CO*, 
and found, as might have been expected, that with such excess the mass of the salt 
formed (in a solid state) increases and the decomposition (transition into vapour) 
decreases* 
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of carbonic anhydride. It is easily understood that such a combination 
will take place with any ammonium carbonate under the action of salts 
which take up the water—for instance, sodium or potassium car¬ 
bonate 37 —as in an anhydrous state ammonia and carbonic anhydride 
only form one compound, C0 2 2NH 3 . 38 As the normal ammonium car 
bonate contains two ammonias, and as the amides are formed with the 
separation of water at the expense of the hydrogen of the ammonias, 
so this salt has its symmetrical amide, This must be termed 

carbamide. It is identical with urea, dsT 2 H 4 0, which, contained in the 
urine (about 2 per cent, in human urine), is for the higher animal# 
{especially the carnivorous) the ordinary product of excretion 39 and 
oxidation of the nitrogenous substances fotind in the organism. If 
ammonium carbamate be heated to 140° (in a sealed tube, Bazaroff), 
or .if carbonyl chloride, COCl 2 , be treated with ammonia (NTatanson), 
urea will be obtained, whiclT shows its direct connection with carbonic^ 
acid—that is, the presence of carbonic acid and ammonia m it. From 
this it will be Understood how Urea during the putrefaction of urine is 
converted into ammonium carbonate, CN 2 H 4 0. -f H 2 Q = C0 2 + 2NH 3 . 

Thus urea, both by its origin and decomposition, is an amide of 
carbonic acid. Representing as it does ammonia (two molecules) in 
which hydrogen (two atoms) is replaced by the bivalent radicle of 
carbonic acid, urea retains the property of ammonia of entering into 
combination, .with acids (thus nitric acid forms PIT 2 l£ 4 0, HN0 3 ), 
with bases (for instance, with mercury oxide), and with salts (such 
as sodium chloride, ammonium chloride), but containing an acid 
residue it has no alkaline properties. It is soluble in water without 
change, but at a red heat loses ammonia and forms cyanic acid , 
CITHO, 391) * s which is a nitrile of carbonic acid—that is to say, is a 

"S . 7 Calcium chloride enters into double decomposition with ammonium carbamate. 
Acids (for instance, sulphuric) take up ammonia, :ond set free carbonic anhydride, 
whilst alkalis (such as potash) take up carbonic anhydride and set free ammonia, and 
therefore, in this case for removing water only sodium or potassium carbonate can be 
taken. An aqueous solution of ammonium carbamate' does not entirely precipitate a 
solution of CaCl 2 , probably because calcium carbamate is soluble in water, and all the 
(NH 3 ) 2 C0 2 .is not converted by dissolving into the normal salt, (NH 4 Q) 2 C0 5 . 

58 It must be imagined that the reaction takes, place at first between equal volumes 
(Chapter VH.).i but then -carbamio acid, HO(CNHoO), -is produced, which, as an acid, 
immediately combines with the ammonia, forming 'NH 4 0(CNH 2 Q). 

50‘Urea is undoubtedly, a product of the oxidation-of complex nitrogenous-matters 
(albumin) of the animal body. It is found in the blood. It is absorbed from the- blood 
by the kidneys. A man excretes about 80 grams of urea per day. As a derivative of 
carbonio anhydride, into, which it is readily converted, urea is in a sense a product of 
oxidation. 

Its polymer, C 3 N 3 H 3 O 5 , is formed together with it Cyanic acid is. ftiyery 
unstable, easily changeable liquid, while cyanurio acid is a crystalline solid which is very 
gtabje at the ordinary .temperature. 
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cyanogen compound, corresponding to the acid ammonium carbonate* 
OH(CNH 4 0 2 ), which on parting with 2 H 2 0 ought to form cyanic acid* 
CNOH. Liquid cyanic acid, exceedingly unstable at the ordinary 
temperatures, gives its stable solid polymer cyanuric acid, O 3 H 3 C 3 K 3 . 
Roth have the same composition, and they pass one into another at 
jdifferent temperatures. If crystals of cyanuric acid be heated to a tem¬ 
perature, £°, then the vapour tension, p, in millimetres of mercury 
(Troost .and Hautefeuille) will be : 

t . 160°, 170°, 200°, 250°, 300°, 350° 
p. 56, 68 , 130, 220 , 430, 1,200 

^Tlie vapoiir contains cyanic acid, and, if it be rapidly cooled, it con¬ 
denses into a mobile volatile liquid (specific gravity at 0°= 1*14). If 
(the liquid cyanic acid be gradually heated, it passes into a new amor¬ 
phous polymeride (cyamelide), which, on being heated, like cyanuric 
acid, forms vapours of cyanic acid. If these fumes are heated above 
150° they pass directly into cyanuric acid. Thus at a temperature of 
350°, the pressure does not rise above 1,200 mm. on the addition of 
. vapours of cyanic acid, because the whole excess is' transformed into 
t cyanuric acid. . Hence, the above-mentioned figures give the tension of 
} dissociation of cyanuric acid, or the greatest pressure which the vapours of 
HOCN are able to. attain at a. given temperature, whilst at a greater 
[pressure, or by the introduction of a larger mass of the substance into a 
given volume, the whole of the excess is converted into .cyanuric acid. 
The properties .of cyanic acid which we have described were principally 
observed by Wohler, and clearly show the faculty of polymerisation of 
tyanogen compounds . This is observed in many other cyanogen deriva¬ 
tives, and is to be regarded as the consequence of the above-mentioned 
' explanation of their nature. All cyanogen compounds are ammonium 
salts, R(CNH 4 0 2 ), deprived of water, 2 H 2 0 ; therefore the molecules, 
HOIST, ought to possess the faculty of combining with two-molecules of 
'water or with other molecules in exchange for it (for instance, with 
H a S, or HC1, or 2 H 2 , <fec.), and are therefore capable of combining to¬ 
gether. The combination of molecules of the same kind to form more 
complex ones is what is meant by polymerisation . 40 

40 Just as the aldehydes (such as C^H^O) are alcohols (like C 2 H 6 0) which have 
lost Hydrogen and are also capable of entering into combination with many substances, 
and of polymerising, forming slightly volatile polymerides, which depolymerise 
on Heating. Although there are also many similar phenomena (for instance, the trans¬ 
formation of yellow into red phosphorus, the transition of cinnamene into metacinnamene, 
Arc.) of polymerisation, in no other case are they so clearly and simply expressed as in 
cyanic acid. The details relating to this must be sought for in treatises on organic and 
theoretical chemistry. If we touch on certain sides of tliiB question it is principally with 
the view of showing the phenomenon of polymerisation by typical examples, for it is of more 
frequent occurrence than was formerly supposed among compounds of several elements. 
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Besides being a substance very prone to form polymerizes, cyanic acid 
presents many other features of interest, expounded in greater detail 
in organic chemistry. However we may mention here the production 
of the cyanates by the oxidation of the metallic cyanides. Potassium 
cyanate, ELCNO, is most often obtained in this way. Solutions of 
eyanates by the addition^ of sulphuric acid yield cyanic acid, which, 
however, immediately decomposes : CNHO + H 2 6 = C0 2 + NH 3 . A 
solution of ammonium cyanate, CN(NH 4 )0, behaves in the same 
manner, but only in‘the cold. On being heated it completely changes 
because it is transformed into urea. The composition of both sub¬ 
stances is identical, 0N 2 H 4 O, but the structure, or disposition of, and 
connection between, the elements is different: in the ammonium 
cyanate one atom of nitrogen exists in the form of cyanogen, CN— 
that is, united with carbon—and the other as ammonium, NH 4 , but, 
as cyanic acid contains the hydroxyl radicle of carbonic acid, OH(CN), 
the ammonium in this salt is united with oxygen. The composition of 
this salt is best expressed by supposing one atom of the hydrogen in 
water to be replaced by ammonium and the other by cyanogen— i-e. 
that its composition is not' symmetrical—whilst in urea both the 
nitrogen atoms are symmetrically and uniformly disposed as regards 
the radicle CO of carbonic acid : CO(NH 2 ) 2 . For this reason, urea is 
much more stable than ammonium cyanate, and therefore the latter, 
on being slightly heated in solution, is converted into urea. This 
remarkable isomeric transformation was discovered by Wohler in 
1828. 41 Formamide, HCONH 2 , and hydrocyanic acid , HCNT, as a. 
nitrile, correspond with formic acid, HCOOH, and therefore ammonium 
formate, HCOONTH 4 , and formamide, when acted oh by heat and by 
substances which take up water (phosphoric anhydride)form hydrocyanic, 
acid, HON 1 , whilst, under many conditions (for instance, on combining 
with hydrochloric acid in presence of water), this hydrocyanic, acid forms 
formic acid and ammonia. Although containing hydrogen in the 
presence of two acid-forming elements—namely, carbon and nitrogen 4 * 

41 It has an important historical interest, more especially as at that time such 'am 
easy preparation of substances occurring in organisms without the aid of organic life* was 
quite unexpected, for they were supposed to be formed under the influence of the forces 
acting in organisms, and without the latter their formation was considered impossible. 
And in addition to destroying this illusion, the easy transition of NH 4 OCN into CO(NH 2 ):j 
is the best example of the passage of one system of equilibrium of atoms into another, 
more stable system. 

42 If ammonia and methane (marsh gas) do not show any acid properties, that is mail 
probability due to the presence of a large amount of hydrogen in both; but in hydro¬ 
cyanic acid one atom of hydrogen is under the influence of two acid-forming elements. 
Acetylene, C 2 H< 2 , which contains but little hydrogen, presents acid properties in certain, 
respects, for its hydrogen is easily replaced by metals. Hydronitrou? acid, HN$, 
which contains little hydrogen, also has the properties of an acid. 
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—hydrocyanic acid does not give an acid reaction with litmus (cyanic 
acid’ has very marked acid properties); but it forms salts , MCN , 
thus presenting the properties of a feeble acid, and for this reason is 
called an acid. The small amount of energy which it has is shown 
by the fact that the cyanides of the alkali metals—-for instance, potas¬ 
sium cyanide (KHO + HCN = H ? 0 + : KCN) in solution—have a 
strongly alkaline reaction . 43 If ammonia be passed over .charcoal at 
a red heat, especially in the presence of an alkali, . or if gaseous 
nitrogen be passed through a mixture -of charcoal and an alkali 
(especially potash, KHO), and also if a mixture of nitrogenous organic 
substances and alkali be heated to a red heat, in all these cases the 
alkali metal combines with the carbon and nitrogen, forming a metallic 
cyanide, MOIST —for example, KCN 43 bis ' Potassium cyanide is much 
used in the arts, and is obtained, as above stated, under many circum¬ 
stances—as, for instance, in iron smelting, especially with the. assistance 
of wood charcoal, the ash of which contains much potash. The nitrogen 
of the air, the alkali of the ash, and the charcoal are- brought into 
contact at a high temperature during iron smelting, and therefore; 
under these conditions, a considerable quantity of potassium cyanide 
is formed.-. In practice it is. not usual to prepare potassium cyanide 
directly, but a peculiar, compound of it containing potassium, iron, 
and cyanogen. This compound is potassium ferrocyanide, and is also 
known as yellow prussiate of potash . * This saline substance (see 
Chapter XXII) has the composition K 4 FeC 6 N 6 -f 2H 2 0. The name 
of cyanogen (/cuavos) is derived from the property which this yellow 
prussiate possesses of forming, with a solution of a ferric salt, FeX 3 , 
the familiar pigment Prussian blue. The yellow prussiate is manu- 

43 Solutions of cyanides—for-'inetance, those of potassium, or harium—are decom¬ 
posed by carbonic acid. Even the carbonic anhydride of the air acts in.a similar way, 
and for this reason these solutions do not* keep, because, in the first place, free hydro¬ 
cyanic acid itself decomposes and polymerises, and, in the second place, with a.u™,linft 
liquids it forms ammonia and formic acid. Hydrocyanic acid does not liberate carbonic 
anhydride from solutions of sodium or potassium carbonates. But a mixture of solutions 
of potassium carbonate and hydrocyanic acid yields carbonic anhydride on the addition 
of oxides like zinc oxide, mercuric oxide, &c. This is due to the great inclination which 
the cyanides exhibit of forming double salts. For instance, ZnK 2 (CN) 4 is formed, which 
•is a soluble double salt. 

45 bis !Th.e"^onyerski^of the atmospheric nitrogen into cyanogen -compounds, although 
•possible, has not yet been-carried out on a large scale, and -one of the problems for future 
research should be the discovery of a practical .and. economical means of converting the 
atmospheric nitrogen into metallic cyanides, not only because'potassium cyanide has 
found a vast and important use for the extraction of gold from javen the poorest oresjtrat 
more especially because the cyanides furnish the means for effecting the synthesis of 
"many complex carbon compounds, and the nitrogen contained in cyanogen easily passes 
into other forms of combination such as ammonia, which is of great importance in 
agriculture. 
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faeturetl on a largo acalo, and h generally used as the source of the 
other cyanogen compounds. 

If four parts of yellow prusaiate l>e mixed with eight parts of water 
and three parts of sulphuric acid, and the mixture be heated, ft decom¬ 
poses, volatile hydrocyanic acid separating. This was obtained for the 
first time by Bchoolo in 178*2, but it was only known to him in solution. 
In 1809 Ittner prepared anhydrous prussic acid, and in 1815 Gay- 
Lusmc finally settled its properties and showed that it contains only 
hydrogen, earlnm, and nitrogen, ONIL If the distillate (a weak solu¬ 
tion of HON) ho redistilled, and the first part collected, the* anhy¬ 
drous acid may laj prepared from this stronger solution. In Order to do 
till*, piece# of calcium chloride are added to the concentrated solution, 
when the anhydrous acid floats ai a separate layer, because it is not 
soluble in an aqueous solution of calcium chloride. If this layer* be 
then distilled over a now portion of calcium chloride at the lowest 
temperature possible, the prussic acid may lx> obtained complexly free 
from water. It is, however, neciwary to use the greatest caution in 
work of this kind, because prussic acid, besides being txirtmdj 
poisonous, li exceedingly volatile . 44 

Anhydrous prussb add is a vary mobile and volatile liquid j its 
specific gravity in 0*097 at 18°$ at lower temperatures, especially when 
mixed with a small quantity of water, it easily congeals j it bolls at 20% 
and therefore very easily evaporates, and at ordinary temperatures 
may \m Hoarded m a gas. An insignificant amount, when inhaled or 
brought intci contact with the skin, causes death. It fi soluble in all 

** The mixte» of ft# vapotart d water and b^m^mk add, #volr#d on boating y*lkw 
prusslata with sulphuric* acid, may be paasod dboetiy through vessels m tubes filled with 
ealetam eWorld#. Than# lube# mutt hi o»W, hatiuta, la ft# first place, hydreoyaate 
iw?id easily change* on taring heated, sail, la ft# Moond pla##, ft# e&kium chloride when 
warm would wl»»t»r!» lcw» water. Tim mixture of hydrooyania acid and aqueous vapour 
cm passing over a long layer of calcium eWorld# gives up water, and hydrocyanic acid 
*h>u# remains m the vapour. It ought to \m cooled &« carefully as possible la order to 
bring it into a liquid ctmdiftm. The method which (Iay*Lki«sacs employed for obtaining 
pur# hydrocyanic acid consisted it* ft# action of hydrochloric acid gas on nmrturlo 
eyatiide* The latter may he obtained 1*4 a par# state If a solution of yellow pnmslate b# 
belled with a solution of mercuric nitrate, filtered, and crystallised by cooling; ft# 
mercuric cyanide li then obtained la ft# form of colourless crystals, Hg(CN)$, 

If a strong solution of hydroohlurio acid be poured upon ft#*# crystals, and ft# mix- 
tar# 6f va|Hiurs evolved, etmsisUng of aqueous vapour, hydroehtarie sold, and hydrocyanic 
scli, tat paused ftrmigk a tub# containing, first, marble (for absorbing the hydrochloric 
acid), and then lumpe of calcium eWorld#,*#® cooling ft# hydrocyanic acid will b® 
densed* la order te obtain ft# latter in m anhydroua tana, ft# daoonpoiillOB 
of boated mercury cyanide by hydrogen sulphide may ten mad# nee of. Her* ft# »Wpkti# 
and eyeaoten change jdfteea* and hydrocyanic acid and awiwwy snlgfeUta avt formed 
HgtfaiVt 'B+mmm * Hg«* 
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proportions in water, alcohol, and ether weak aqueous solutions nr© 
used in medicine. 45 

The salts MOIST—for instance, potassium, sodium, ammonium—as 
well as the salts M"(CN) 2 —for example, barium, calcium, mercury—are 
soluble in water, but the cyanides of manganese, zinc, lead, and many 
others are insoluble in water. They form double salts with potassium 
cyanide and similar metallic cyanides, an example of which we will con¬ 
sider in a further description of the yellow prussiate. Hot only are 
some of the double salts remarkable for their constancy and comparative 
stability, but so also are the soluble salt HgC 2 H 2 , the insoluble silver 
cyanide AgCH, and even potassium cyanide in the absence of water. 
The last salt, 46 when fused, acts as a reducing agent with its elements 
K and C, and oxidises when fused with lead oxide, forming potassium 
cyanate, KOCH, which establishes the connection between HCH and 
OHCN—that is, between the nitriles of formic and carbonic acids—and 
this connection is the same as that between the acids themselves, since 
formic acid, on oxidation, yields carbonic acid. Free cyanogen, (CN) 2 
or CHCH, corresponds to hydrocyanic acid in the same manner as Tree 
chlorine, Cl 2 or C1C1, corresponds to hydrochloric acid. This composition, 
judging from what has been already stated, exactly expresses that of 
the nitrile of oxalic acid, and, as a matter of fact, oxalate of ammonia 
and the amide corresponding with it (oxamide, Hot© 33), on being heated 
with phosphoric anhydride, which takes up the water, yield cyanogen^ 
(CH) 2 . This substance is also produced by simply heating some of the 

•** A. weak (up to 2 p.c.) aqueous solution of hydrocyanic acid is obtained by the dis¬ 
tillation of certain vegetable substances. The so-called laurel water in particular enjoys 
considerable notoriety from its containing hydrocyanic acid. It is obtained by the 
steeping and distillation of laurel leaves. A similar kind of water is formed by the 
infusion and distillation of bitter almonds. It is well known that bitter almonds are 
poisonous, and have a peculiar characteristic taste. This hitter taste is due to the 
presence of a certain substance called amygdalin, which can he extracted by alcohol. 
This amygdalin decomposes in an infusion of bruised almonds, forming .the so-called 
bitter almond oil, glucose, and hydrocyanic acid: 

CxoHotNOh + H 2 0 « C 7 HqO + CNH 

Amygdalin in Water Bitter Hydrocyanic Glucose 

bitter almonds almond oil acid 

If after this the infusion of bitter almonds be distilled with water, the hydrocyanic acid 
and the volatile hitter almond oil are carried over with the aqueous vapour. The oil 
is insoluble in water, or only sparingly soluble, while the hydrocyanic acid remains as an 
aqueous solution. Bitter almond water is similar to laurel water, and is used like the 
former in medicine, naturally only in small quantities because any considerable amount 
has poisonous effects. Perfectly pure anhydrous hydrocyanic acid keeps without change, 
just like the weak solutions, but the strong solutions only keep in the presence of other 
adds. In the presence of many admixtures these solutions easily give a brown polymeric 
substance, which is also formed in a solution of potassium cyanide. 

46 This salt will be described in Chapter XIII. 
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metallic cyanides. Mercuric cyanide is particularly adapted for this 
purpose, because it is easily obtained in a pure state and is then very 
stable. If mercuric cyanide be heated, it decomposes, in like manner 
to mercury oxide, into metallic mercury and cyanogen : HgC 2 N 2 = Hg 
+ C 2 1T 2 . 47 When cyanogen is formed, part of it always polymerises 
into a dark brown insoluble substance called paracyanogen^ capable of 
forming cyanogen when heated to redness. 48 Cyanogen is a colourless, 
poisonous gas, with a peculiar smell and easily condensed by cooling 
into a colourless liquids insoluble in water and having a speciftc gravity 
of 0*86. It boils at about —21°, and therefore cyanogen may be easily 
condensed into a liquid by a strong freezing mixture. At —35° liquid 
cyanogen solidifies. The gas is soluble in water and in alcohol to a 
considerable extent—namely, 1 volume of water absorbs as much as 

volumes, and alcohol 23 volumes. Cyanogen resists the action of 
a tderably high temperature without decomposing, but under the action 
of the electric spark the carbon is separated, leaving a volume of 
nitrogen equal to the volume of the gas taken. As it contains carbon 
it bums, and the colour of the flame is reddish-violet, which is due to 
the presence of nitrogen, aH compounds of which impart more or less 
of this reddish-violet hue to the flame. During the combustion of 

47 For the preparation it is necessary to take completely dry -mercuric cyanide, because 
when heated in the presence of moisture it gives ammonia, carbonic anhydride, and 
hydrocyanic acid. Instead of mercuric cyanide, a mixture of perfectly dry yellow prus- 
elate and mercuric chloride may be used, then double decomposition and the formation 
of mercuric cyanide take place in the retort. Silver cyanide .also disengages cyanogen, 
ou being heated. 

48 Pdracywiogen in* a brown substance (haying the composition of cyanogen) which 
is formed during the preparation of cyanogen by all methods, and remains as a residue. 
Silver cyanide, on being slightly heated, fuses, and on being further heated evolves a gas S 
a considerable quantity of paracyanogen remains in the residue. Here it is remarkable 
that exactly half the cyanogen becomes gaseous, and the other half is transformed into 
paracyanogen. Metallic silver will be found in the residue with the paracyanogen; it 
may be extracted with mercury or nitric acid, which does not act on paracyanogen. If 
paracyanogen be heated in a vacuum it decomposes, forming cyanogen; but here the 
pressure p for a given temperature t cannot exceed a certain limit, so that the pheno¬ 
menon presents all the- external appearance of a physical transformation into vapour j 
hut, nevertheless, it is a complete change in the nature of the substance, though 
limited by tbe pressure of dissociation , as we saw before in the transformation of 
$yanuric into hydrocyanic acid, and. as would be expected from the fundamental 
principles of dissociation. Troost and Hautefeuille (1868) found that for paracyanogen, 

t « 680° 681° 600° 686° 

p = 90 148 296 1,089 mm. 

However, even at 550° part of the cyanogen decomposes into carbon and nitrogen. 
The reverse transition of cyanogen into paracyanogen commences at 880°, and at 600° 
proceeds rapidly. And if the transition of the first kind is likened to evaporation, then 
the reverse transition,-or polymerisation, presents a likeness to the transition of vapours 
Into the solid state. 


*6 
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cyanogen, carbonic anhydride and nitrogen are formed. The sam& 
products are obtained in the eudiometer with oxygen or by the action, 
of cyanogen on many oxides at a red heat. 

The relation of cyanogen to the metallic cyanides is seen not only- 
in the fact that it is formed from mercuric cyanide, but also by its. 
forming cyanide of sodium or potassium'on being heated with either of 
those metals, the sodium or potassium taking fire in the cyanogen. 
On heating a mixture of hydrogen and cyanogen to 500° (Berthelot), 4 ^ 
or under the action of the silent discharge (Boilleau), hydrocyanic 
acid is formed, so that the reciprocity of the transitions does not 
leave any doubt in the matter that all the nitriles of the organic acida 
contain cyanogen, just a 3 all the organic acids contain carboxyl and' 
in it the elements of carbonic anhydride. Besides the amides, 150 the 
nitriles (or cyanogen compounds, RCN), and intro-compounds (con¬ 
taining the radicle of nitric acid, RbT0 2 )> there are a great number 
of other substances containing at the same time carbon and nitrogen,, 
particulars of -which must be sought for in special works on organic 
chemistry. 

** Cyanogen (like chlorine) is absorbed by a solution of sodium hydroxide, sodium 
cyanide and cyanate being produced: C 2 N 2 + 2NaHO=NaCN + CNNaO + H 2 0. But the 
latter salt decomposes relatively easily, and moreover part of the cyanogen liberated by- 
heat from its compounds undergoes a more complex transformation. 

50 If, id general, compounds containing the radicle NH 2 are called amides, some of the* 
amines ought to be ranked with them; namely, the hydrocarbons CnH 2 m., in which part of 
the hydrogen is replaced by NH 2 ; for instance, methylamine, CH ? NH 2 , aniline, C 6 H 5 NH 2 > 
St c. In general the amines may he represented as ammonia in which part or all of the 
hydrogen is replaced by hydrocarbon radicles—as, for example, trimethylamine, N(CHj) 3 . 
They, like ammonia, combine with acids and form crystalline salts. Analogous substances 
exe sometimes met with in nature, and bear the general name of alkaloids ; such 
for instance, quinine in cinchona bark, nicotine in tobacco, &c. 



CHAPTER X. 

SODIUM CHLORIDE BERTHOLLET’s LAWS—HYDROCHLORIC ACID 

In the preceding chapters we have become acquainted with the most 
important properties of the four elements, hydrogen, oxygen, nitrogen, 
and carbon. They are sometimes termed the organogenSy because they 
enter into the composition of organic substances. Their mutual com¬ 
binations may serve as types for all other chemical compounds—that is, 
they present the same atomic relations (types, forms, or grades, of 
combinations) as those in which the other elements also combine 
together. 

Hydrogen, HH, or, in general, HR. 

Water, H 2 0, „ „ H a R. 

Ammonia, H 3 N, „ „ H 3 R. 

Marsh gas, H 4 C, „ „ H 4 R. 

One, two, three, and four atoms of hydrogen enter into these 
molecules for one atom of another element. Ho compounds of one atom 
of oxygen with three or four atoms of hydrogen are known ; hence the 
atom of oxygen does not possess, certain properties which are found in 
the atoms of carbon and nitrogen. 

The faculty of an element to form a compound of definite composi¬ 
tion with hydrogen (or an element analogous to it) gives the possibility 
of foretelling the composition of many other of its compounds* Thus; 
if we know that an element, M, combines \yith hydrogen, forming, 
by preference, a gaseous substance such as HM, but not forming 
H 2 M, H 3 M, H n M m , then we must conclude, on the basis of the law of 
substitution, that this element will give compounds M 2 0, M 3 H, MHO, 
MH 3 0, &c. Chlorine is an example of this kind. If we know that 
another element, R,.like oxygen, gives with hydrogen a molecule H 2 R, 
then we may expect that it will form compounds similar to hydrogen 
peroxide, the metallic oxides, carbonic anhydride, or carbonic oxide, 
and others. Sulphur is an instance of this kind. Hence the elements 
may be classified according to their resemblance to hydrogen, oxygen, 
nitrogen, and carbon, and in conformity with this analogy it is possible 
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bivalent elements, forming RH 2 , R.O, RG1 2 , RHC1, R(OH)Cl, R(OH ) 2>1 
E 2 C, RON, &c. Nitrogen in ammonia is the representative of thel 
trivalent elements, giving compounds EH 3 , R 2 O 3 , R(OH) 3 , RClg, RN, 
RHC, &c. .In carbon are exemplified the properties of the quadrivalent 
elements, forming RH 4j R0 2 , RO(OH) 2 , R(OH) 4 , R3ECN, RC1 4 , RHC3 3 , 
&c. We meet with these forms of combination , or degrees of union of 
atoms, in all other elements, some being, analogous to hydrogen, others to - 
oxygen, and others to nitrogen or to carbon. But besides these quan¬ 
titative analogies or resemblances, which are foretold by the law of* 
substitution (Chapter VI.), there exist among the elements qualita*- 
tive analogies and relations which are not fully seen in the compounds 
of the elements which have been considered, but are most distinctly 
exhibited in the formation of bases, acids, and salts of different types 
and properties. Therefore, for a complete study of the nature of the 1 
elements and their compounds it is especially important to become 
acquainted,with the salts,.as substances of a peculiar character, pnd 
with the corresponding Acids and-bases. Common table salt, or sodium 
chloride, Nad, may in every respect *be taken as a type of salts in 
general, and We will therefore pass to the consideration of this sub*! 
stance, and of hydrochloric acid, and of the base sodium hydroxide, 
formed by the non-metal chlorine and the metal sodium, which corre¬ 
spond with it. 

So&iwtn chloride, NaCl, the familiar table salt, occurs, although 
in very small quantities, in all the primary formations of the earths 
crust , 2 from which it is washed away by the atmospheric waters ; it is 
contained in small quantities in all waters flowing through these forma¬ 
tions, and is in this manner conveyed to the oceans and seas. The 
immense mass of salt in the oceans has been accumulated by this process 
from the remote ages of the earth’s creation, because the water has 
evaporated from them while the salt has remained in solution. The salt 
of sea water serves as the source not only for its direct extraction, but, 

2 The primary formations are those which do not bear any distinct traces of having, 
been deposited from water (have not a stratified formation and contain no remains of 
animal or vegetable life), occur under the sedimentary formations of the earth, and are 
everywhere uniform in composition and structure, the latter being generally distinctly 
crystalline. If it be assumed that the earth was originally in a molten condition, the 
first primary formations are those which formed the first solid crust of the earth. But 
even with this hypothesis of the earth’s origin, it is necessary to admit that the firsts 
aqueous deposits must have caused a change in the original crust of the earth, and 
therefore under the head of primary formations must be understood the most ancient of 
the products of decomposition (mostly by atmospheric, aqueous, and organio agenoy, &c.), 
from which all the rocks and substances of the'earth’s surface have arisen. In speaking 
of the origin of one or another substance, we can only, on the basis of facts, descend to 
the primary formations, of which granite, gneiss, and trachyte may be taken as examples. 
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mixed with the bitter salt® of magnesium which, owfng to their solu¬ 
bility and the small amount In which they are present (loss than 
1 p.e.), only separate out, in the first crystallisations, in traces* 
Gypsum, or calcium sulphate, CaS0 4 2H a 0, because of its sparing 
solubility, separates together with or even before the table salt. When 
about half of the latter ha® separated, then a mixture of table salt 
and magnesium sulphate separates Out, and on still further evapora¬ 
tion the chlorides of potassium and magnesium begin to separate 
in a state of combination, forming the double salt EMgCl 3 ,6H 3 0, 
-which occurs in nature as rnrmllU ti. 4 After the separation of this 
salt from sea water, there remains a mother liquor containing a 
largo amount of magnesium chloride in admixture with various 
other salts. 5 The extraction of sea salt is usually carried on for the 
purpose of procuring table salt, and therefore directly it begins to 
separate mixed with a considerable proportion 0 of magnesium salts 
(when it acquires a bitter taste) the remaining liquor is run back into 
the sea. 

The sam© process which Is employed for artificially obtaining salt 
in a crystalline form from tea water has been repeatedly accomplished 

during the geological ©volution of the earth on a gigantic scale ; up 
heavals of the earth have cut off portions of the sea from the remainder 
(ai tho Dead Sea was formerly tv part of the Mtxliterranoan, and the Sea 
of Aral of tho Caspian), and their water has evaporated and formed 

(if the mass of the inflowing frc«h water wore leas than that of tho 
mass evaporated) deposits of rmk mU . It is always accompanied by 
gypsum, \mmm tho latter l» separated from soa water with or before 
the sodium chloride. For this reason rock salt may always bo looked for 

* The double unit KC],MgCl a Is a eryetdtohydrate o2 KC1 and MgClt, and i® only 

formed from solutions containing an exeettt of magnesium eWorld#, because water d#» 
coinpo hum thin double milt, extruding tho more soluble maguottam chloride from It, 

ft Owing to the fundamental property of units of Interchanging their metal*, It 
cannot be irnid that neii water contains this or that salt, but only that it contain® certain 
amount* of certain motels M (univalent like Na and K,and bivalent like Mg and Oa), and 
haloid® X (univalent like Cl, Br, and bivalent like B0 4 , C0 3 ), which are disposed In 
every possible kind of grouping; for instance, K m K<H, KBr, Mg m MgCb, 

• MgBr.j, MgHOj, and so on for all tlw other motels, la evaporation different salts separate 
out coiifcocutively only be<mu»« they roach saturation, k proof of this may bn •nan In 
the fact Utat a solution of & mixture of sodium chloride ami magnesium sulphate (both 
of which sal tit are obtained from mm water, as wa« mentioned above), when evaporated, 
deposits crystals of these salts, but when refrigerated (if tee solution be sufficiently 
saturated} tee salt NeyBth.loHjO is first deposited because It is the first to arrive at 
saturation at low temperatures. ConeeqttftnUy this solnUon contains MgCla and Na«80«» 
besides M 1 SD 4 and Mai€L Bo It k with sea water. 

# salt extracted from water is piled up In heaps and left expound to thi ftolien of 
rate water, which purifies It, owing to the water becoming saturated with sodium ehlorid# 
end then no longer dltsolvtaf it, but washing out the knpuriUe*. 
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in those localities whore there are deposits of gypsum. But inasmuch 
as the gypsum remains on the spot where it has been deposited (as 
it is a sparingly soluble salt), whilst the rock salt (as one which is very 
soluble) may be washed away by rain or fresh running water, it may 
sometimes happen that although gypsum is still found thero may be 
.no salt; but, on the other hand, where there is rock salt there wil) 
always be gypsum. As the geological changes of the earth's surface 
are still proceeding at the present day, so in the midst of tho dry land 
salt lakes are met with, which are sometimes scattered over vast dis¬ 
tricts formerly covered by seas now dried up. Such is the origin of 
many of the salt lakes about the lower portions of the Volga and in the 
Kirghiz steppes, where at a geological epoch preceding the present the 
Aralo-Caspian Sea extended. Such are the Baskunchaksky (in the 
Government of Astrakhan, 112 square kilometres superficial area), the 
Eltonsky (140 versts from the left bank of the Volga, and 200 square 
kilometres in superficial area), and upward of 700 other salt lakes 
lying about the lower portions of the Volga. In those in which the 
inflow of fresh water is less than that yearly evaporated, and in which 
the concentration of the solution has reached saturation, the self* 
deposited salt is found already deposited on their beds, or is being yearly 
deposited during the summer months. Certain limans, or sea-side lakes, 
of the Azoff Sea are essentially of the same character—as, for instance, 
those in the neighbourhood of Henichesk and Berdiansk. The saline 
soils of certain Central Asian steppes, which suffer from a want of 
atmospheric fresh water, are of the same origin. Their salt originally 
proceeded from the salt of seas which previously covered these localities, 
and has not yet been washed away by fresh water. Tho main result of 
the above-described process of nature is the formation of masses of rock 
salt, which are, however, being gradually washed away by the subsoil 
waters flowing in their neighbourhood, and afterwards rising to the 
(surface in certain places as saline springs , which indicate tho presence 
of masses of deposited rock salt in the depths of tho earth. If the sub¬ 
soil water flows along a stratum of salt for a sufficient length of time it 
becomes saturated; but in flowing in its further course along an im¬ 
pervious stratum (clay) it becomes diluted by the fresh water leaking 
through the upper soil, and therefore the greater the distance of a 
saline spring from the deposit of rock salt, the poorer will it be in 
salt. A-perfectly saturated brine, however, may be procured from the 
depths of the earth by means of bore*holes. The deposits of rock salt 
themselves, which are sometimes hidden at great depths below the 
earth’s strata, may be discovered by the guidance of bore-holes < y n d the 
direction of the strata of the district. Deposits of rook salt, about 
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35 metres thick and 20 metres below the surface, were discovered in this 
manner in the neighbourhood of Brians tcheflky and Dekonoffky, in 
the Bakhmut district of the Government of Ekaterinoslav Large 
quantities of most excellent rock salt arenow(since 1880) obtained from 
these deposits, whose presence was indicated by the neighbouring salt 
springs (near Slaviansk and Bakhmut) and by bore-holes which had been 
sunk in these localities for procuring strong (saturated) brines. But 
the Stassfurt deposits of rock salt near Magdeburg in Germany are 
celebrated as being the first discovered in this manner, and for their 
many remarkable peculiarities. 7 The plentiful- distribution of saline 
springs in this and the neighbouring districts suggested the presence 
of deposits of rock salt in the vicinity. Deep bore-holes sunk in 
this locality did in fact give a richer brine—even quite saturated) 
with salt. On sinking to a still greater depth, the deposits of salt 
themselves were at last arrived at. But the first deposit which was 
met with consisted of a bitter salt unfit for consumption, and was 
therefore called refuse salt (Abraumsalz). On sinking still deeper vast 
beds of real rock salt were struck. In this instance the presence of 
these tipper strata containing salts of potassium, magnesium, and' 
sodium is an excellent proof of the formation of rock salt from sea water. 
It is very evident that not only a case of evaporation to the end—as far, 
for instance, as the separation of carnallite—but also the preservation 
of such soluble salts as separate out from sea water after the sodium 
chloride, must be a very exceptional phenomenon, which is not repeated 
in all deposits of rook salt. The Stassfurt deposits therefore are of 
particular interest, not only from a scientific point of view, but also 
because they form a rich source of potassium salts which have many 
practical uses. 7 

7 When the German savants pointed out the exact locality of the Stassfurt salt- 
beds and their depth below the surface, on the basis of information collected from 
various quarters respecting bore-holes and the direction of the strata, and when the 
borings, conducted by the Government, struck a salt-bed which was bitter and unfit 
for use, there was a great outcry against science, and the doubtful result even caused 
the cessation of the further work of deepening the shafts It required a great 
effort to persuade the Government to continue the work. Now, when the pure salt 
encountered below forms one of the important riches of Germany, and when those 
* refuse salts ’ have proved to be most valuable fas a source of potassium and magnesium), 
we should see in the utilisation of the Stassfurt deposits one of the conquests of scienoe 
for the common welfare. 

7 bi» p n Western Europe, deposits-of rook salt have long been known at Wieliczkft, 
near Cracow, and at Cardona in Spain. In Eussia the following deposita are .known,: 
■(a) the .vast masses of rock salt (8 square kilometres area and,up to 140 metres thick) 
lying directly on the surface 6f the earth at Iletzky Zastchit, on the left bankof the river 
Ural, in the Government of Orenburg; (&) the Chingaksky deposit, 90 versts from the- 
river Volga, in the Enotaeffsky district of the Government of Astrakhan; (q) the- 
Kulepinsky (and other) deposits (whose thickness attains 160 metres), on the Araks, in 
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water is pumped, run along the top* On flowing from these troughs* 
through the openings, «■» the water spreads over the brushwood and 

distributes itself in a thin layer over it, so that it presents a veiy largo 
surface for evaporation, in consequence of which it rapidly becomes 
concentrated in warm or windy weather* After trickling over the 
brushwood, the solution collects in a reservoir under the graduator, 
whence it i« usually pumped up by the pumps p r', and again run a 
second and third time through the graduator, until the solution reaches 
a degree of concentration at which it become® profitable to extract 
the salt by direct heating. Generally the evaporation in the graduator 
Is not carried beyond a concentration of 12 to 15 parts of salt in 
100 parts of solution. Strong natural solutions of salt, and also the 
graduated solutions, am evaporated in largo shallow metallic vessel®, 
which arc either heated by the direct action of the flame from below 
or from above. These vessels are made of boiler plate, and are called 
salt-pans. Various means are employed for accelerating the ev&pora* 
tion and for economising fuel, which are mainly based on an artificial 
draught to carry off the steam as it is formed, and on subjecting the 
saline solution to a preliminary heating by the waste heat of the steam 
and furnace gases. Furthermore, the first portions of the salt which 
crystallise out in the salt-pans are invariably contaminated with gypsum, 
since the waters of saline springs always contain this substance. It is 
only the portions of the salt which separate later that are distinguished 
by their great purity. The salt is ladled out as It is deposited, left to 
drain on inclined tables and then dried, and in this manner the so- 
called bay salt is obtained. Since It has become possible to discover 
the saline deposits themselves, the extraction of table salt from the 
water of saline springs by evaporation, which previously was in general 
use, has Itegun to Im disused, and is only able to hold its ground in 
places where fuel in cheap. 

In order to understand the full importance of the extraction of 
salt, it need only bo mentioned that on the average 20 lbs. of table salt 
are consumed yearly per head of population, directly in food or for cattle. 
In those countries where common salt it employed in technical pro¬ 
cesses, and especially in England, almost an equal quantity is consumed 
in the production of substances containing chlorine and sodium, and 
especially in the manufacture of washing soda, <&o., and of chlorine 
compounds (bleaching powder and hyrdochlorio acid). The yearly’pro* 
ductfon of salt in Europe amounts to as much at 7§ million tons. 

Although certain lumps of rook salt and crystals of bay salt some¬ 
times consist of almost pure sodium chloride, «tiil the ordinary com¬ 
mercial malt rnrnMm various Impurities, the most common of #Mch are 
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maghesium ealt& If the salt be pure* its solution gives ik> precipitate 
with sodium carbonate, 3N%€0 3 , showing the absence of - magnesium 
salts, because magnesium carbonate, MgC0 3 , is insoluble in waten 
Bock salt, which is ground for use, generally contains also a considerable 
admixture of clay and other insoluble impurities. 8 For ordinary use 
the bulk of the salt obtained ..can be employed directly without furtheir 
purification ; but some salts are purified by solution and crystallimtiurt 
of the solution after standing, in which case the evaporation is not ear* 
ried on to dryness, and the impurities remain in the mother liquor or 
in the sediment, When perfectly pure salt is required for chemical 
purposes it is best obtained as follows: a saturated solution of table 
salt is prepared* and hydrochloric acid gas is passed through it; this 
precipitates the sodium chloride (which is not soluble in a strong solu¬ 
tion of hydrochloric acid), while the impurities remain in solution. By 
repeating the operation and fusing the salt (when adhering hydro¬ 
chloric acid is volatilised) a pure salt is obtained, which is again 
crystallised from its solution by evaporation* 9 

Pure sodium chloride, in well-defined crystals (slowly deposited 
at the bottom of the liquid) or in compact masses (in which form rook 
salt .is sometimes met ^frith), is a colourless and transparent substance 
resembling, but- more brittle and less hard than, glass. 10 Common 
salt always crystallises in the cubic system, most frequently In etffot* 
and more rarely in octahedra. Large transparent cubes of common 
Satt, having edges up to 10* centimetres long, are sometimes found in 
masses of rock salt. 11 * * * * 16 When evaporated in the open the salt often* 


8 The fracture of rock salt generally eliov/sthe presence of interlayers of impurities 

which are sometimes very £mall in weight, but visible owing to their refraction. In the 

excellently laid out salt mines of Brian sk I counted (1888), if my memory does net 
deceive me, on an average ten interlayers per metre of thickness, between which the salt 

vas in general very pure, and in places quite transparent. If this be the cate, then there 
would be 8&Q interlayers for the whole thickness (about 85 metres) of the bed. They 
.probably correspond with the yearly deposition of the salt, In this case the deposition 

would have extended over more than 800 years. This should be observable at the pratnwat 

day in lakes where the salt is saturated and in course of deposition. 

a My own investigations have shown that not only the sulphate®, but also tho 

potassium salts, are entirely removed by this method. 

16 According to ike determinaiaons of Klodt, the Briansk rock salt withstands n 
jresepe of m Ingrams per square centimetre, Whilst glass withstands 1,700 kilos* 
In sms respect salt is twice as secure as bricks, and therefore immense mattes may be 
e^^ed from underground workings with perfect safety, without having recourse to 
brickwork supports, merely tokingvadvantage of the properties of the salt itself 

" •«*«•**soWoh fa miredwithferricchloride, 

f*** 1 *?* 1 crystals <sf eoflam chlonde are placed «t the bottom, and the aoltttlon 
ve “ el *“» * cover. Octahedral or yuiZ 
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(separates out on the surface 12 as cubes, which grow on to each other 
in the form of pyramidal square funnels. In still weather, these 
clusters are able to support themselves on the surface of the water for 
a long time, and sometimes go on increasing to a considerable extent, 
but they sink directly the water penetrates inside them. Salt fuses 
to a colourless liquid (sp. gr. 1 *602, according to Quincke) at 851° 
(V, Meyer) \ if pure it solidifies to a non-crystalline mass, and if impure 
to an opaque pass whose surface is not smooth In fusing, sodium 
;chloride commences to volatilise (its weight decreases) and at a white 
iheat it volatilises with .great ease and completely \ but at the ordinary 
(temperature it may, like all ordinary salts, be considered as non-volatile, 
although as yet no exact experiments have been made in this direction. 

A saturated 13 solution of table salt (containing 26*4 p.c.) has at 
the ordinary temperature a specific gravity of about 1*2. The specific 
(gravity of the crystals is 2*167 (17°). The salt which separates out 
at the ordinary and’ higher temperatures contains no water of crystal¬ 
lisation ; 14 but if the crystals are formed at a low temperature, 

12 1! a solution of sodium chloride" be slowly heated from above, where the evaporation 
takes place, then the upper layer will become saturated before the lower and cooler 
layers, and therefore crystallisation will begin on the surface, and the crystals first formed 
will float, having also dried from above, on the surface until they become quite soaked. 
Being heavier, than the solution the crystals are partially immersed under it, and the 
following crystallisation, also proceeding on the surface, will only form crystals along 
the side of the original crystals. A funnel is formed in this manner. It will he 
borne on the surface like a boat (if the liquid be quiescent), beoause it will grow more 
from the upper edges. We can thus understand this at first sight strange funnel form 
'of crystallisation of salt. In explanation why the crystallisation under the above 
►conditions begins at the surface and not at the lower layers, it must be mentioned that 
\the specific gravity of a crystal of sodium chloride =>2*16, and that of a solution saturated 
at 26° contains 26*7 p.c. of salt and has a specific gravity at 25°/4° of 1*2004; at 15* a 
saturated solution contains 26*5 p.c. of salt and has a sp. gr. 1*206 at 15°/4°. Hence a 
.solution saturated at a higher temperature is specifically lighter, notwithstanding the 
. greater amount of salt it contains. With many substances surface crystallisation cannot 
take place because their solubility increases more rapidly with the temperature than their 
. specific gravity decreases. In this case the saturated solution will always be in the lower 
1 layers, where also the crystallisation will take place. Besides which it may be added that 
as a consequence of the properties of water and solutions,.when they are heated from above 
(for instance, by the sun’s rays), the warmer layers being the lightest remain above, whilst 
when heated from below they rise to the top. For this reason the water at great depths 
below the surface is always cold, which has long been known. These circumstances, as well 
as those observed by Soret (Chapter I., Note 19), explain the great differences of density 
and temperature, and in the amount of salts held in the oceans at different latitudes (in 
polar and tropical climes) and at various depths, 

13 By combining the results of Poggiale, Stiller, and Karaten (they are evidently 
i more accurate than those of Gay-Lussac and others) I found that a saturated solution at 
i t°, from 0° to 108°, contains 85*7+0*024f +‘0*0002t 2 grams of salt per 100 grams of water. 
This formula gives a solubility at 0 Q =86*7 grams (=26*8 p.c.), whilst according to Ear* 
©ten it is 86*09, Poggiale 85*5, and Muller 85*6 grams. 

u Perfectly pure fused salt is not hygroscopic, according to Karsten, whilst Hie 
. crystallised salt, even when quite pure, attracts usmuchae 0*6 p.o. of water from moist 
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especially from a saturated solution cooled to — 12 6 , thea they presene 
a prismatic form, and contain two equivalents ot water, NaO!,2H a O. 
At the ordinary temperature these crystals split up into sodium 
chloride and its solution, 1 * Unsaturated solutions of table salt when 
cooled below 0.° give le * crystals of ice, but when the solution has a 
composition N&Cl,10H a O it solidifies completely at a temperature of 
~*23° A solution of table salt saturated at its boiling point boils at 
about 109°, and contains about 42 parts of salt per 100 parts of water. 

Of all its physical properties the specific gravity of solutions of 
sodium chloride is the one which has been the most fully investigated. 
A comparison of all the existing determinations of the specific gravity 

sir, according to Stas. (In tho Briansk mines, whom the temperature throughout the 
whole ymx is about +10°, It may be observed, as Baron Klodt informed me, that in the’ 
summer during damp weather the walk become moist, while in winter they are dry). 

Xf the salt contain impurities—such as magnesium sulphate, *<fec.—«ii is more hygro¬ 
scopic. B it'contoin any magnesium chloride, it partially deliquesces in a damp atmo¬ 
sphere. The crystallised and not perfectly pure salt] decrepitates when heated, owing to 
it® containing water. The pure salt, end also the transparent rook salt, or that which 
has been once fused, does not decrepitate. Fused sodium chloride shows a faint alkaline 
reaction to litmus, which has been noticed by many observers, and is due to the prenenee 
of sodium oxide (probably by the action of the oxygen of the atmosphere). According 
to A. Stoherbakoff very sensitive litmus (washed in alcohol and neutralised with oxalic 
aoid) shows an alkaline reaction even with the crystallised salt. 

It may be observed that rods salt sometimes contains cavities filled with a colourlofi© 
liquid. Certain Made of rook salt emit an odour like that of hydrocarbon®, Then# 
phenomena have as yet ceoelyed very little attention. 

n By cooling a solution of. table salt e&turated at the ordinary temperature to - 15°, 
X obtained first of all wcll-formod tabular (Six-sided) crystals, which when warmed to 
the ordinary temperature disintegrated (with the separation of anhydrous sodium 
chloride), and then prismatio needles up to 20 mm. long were formed from the same 
solution. I have nos yet investigated the reason of the difference in crystalline form* 
It is known (Mitscherlioh) that NaI,2H 2 0 ako crystallises either in plates or prisma. 
Sodium bromide also crystallises with 2H 2 0 at the ordinary temperature. 

10 Notwithstanding the great simplicity (Chapter X., Note 40) of the observations on the 
formation of ice from solution, still even for sodium chloride they cannot yet bo con¬ 
sidered as sufficiently harmonious. According to Blagden and Baoult, the temperature 
of tho formation of iee from a solution containing o grams of salt per 100 grams of water 
■* — 0*60 to o=10, according to Bosetti » — O*049c to c» 8*7, according to Be Oopptl 
(to c*al0)ca —0*66 c — 0*0000®, according to Karsten (to 0 m 10) — 0 , 782c + 0 , 00$4c t > and 
aooording to Guthrie a much lower figure. By taking Bosetti’e figure and applying 
the rule given in Chapter I., Note 49 we obtain— 

4=0*649 x ?||»2*0d, 

Bickering (1898) gives for c=1-0*008, for 0 =2-1*220; that is (0 up to 2*7) afeoub 
—(0*000+0*006c)o. 

The data for strohg solutions are not less contradictory. Thus with 20 p.c. of salt, le# 
Is formed at —14*4® according to Karstea, —17° according to Guthrie, —17*0° according 
to Be Coppei Bttdorff states that for strong solutions the temperature of the formation 
of ioe descends in proportion to the contents of the compound, NaCl,2H 2 0 (per 100 gram# 
of water) by 0°*842 per 1 grfcm of salt, and Be Coppet shows that there Is no proportion 
ality, in a strict sense, fte either a percentage of Na£l or of NaCh2BgG» 
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of solutions of NaCl 17 at 15° (in vacuo, taking water at 4° as 10,000), 
with regard to p (the percentage amount of the salt in solution), show 
that it is expressed by the equation S 1<5 = 9991-6 + 71*17 p 4 0*2140p*. 
For instance, for a solution 200H 2 0 4 NaCl, in which case pss= 1*6, 
«1*0106. It is seen from the formula that the addition of water 
produces a contraction. 18 The specific gravity 19 at certain temperatures 
and concentrations in vacuo referred to water at 4° = 10,000 20 is here 
given for 
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It should be remarked that Baum^s hydrometer is graduated by 
taking a JO p.c. solution of sodium chloride as 10° on the scale, and 
therefore it gives approximately the percentage amount of the salt in a 

17 A collection of observations oh the specific gravity of solutions of sodium chloride 
is given in my work cited in Chapter I., Note 50. 

Solutions of common salt have also been frequently investigated as regards rate of 
diffusion (Chapter L), but as yet there are no complete data in this respect. It may be 
mentioned that Graham and De Vries demonstrated that diffusion in gelatinous masses 
(for instance, gelatin jelly, or gelatinous silica) proceeds in the same manner as in water, 
which may probably lead to a convenient and accurate method for the investigation 
of the phenomena of diffusion. N. TJmoff (Odessa, 1888) investigated the diffusion of 
common salt by means of glass globules of definite density. Having poured water into a 
cylinder over a layer of a solution of sodium chloride, he observed during a period of 
several months the position (height) of the globules, which floated up higher and higher 
as the salt permeated upwards. Cm off found that at a constant temperature the dis¬ 
tances of the globules (that is, the length of a column limited by layers of definite con¬ 
centration) remain constant; that at a given moment of time the concentration, q, of 
different layers Situated at a depth z is expressed by the equation B—Kjer=log. (A—q), 
where A, B, and K are constants; that at a given moment the rate of diffusion of thp 
different layers is proportional to their depth, &c. 

18 If So be the specific gravity of water, and S the specific gravity of a solution con¬ 
taining jp p.c. of salt, then by mixing equal weights of water and the solution, we shall 
obtain a solution containing \jp of the salt, and if it he formed without contraction, then its 

specific gravity x will be determined by the equation , because the volume is 

x So S 

equal to the weight divided by the density. In reality, the specific gravity is always found 
to be greater than that calculated on the supposition of an absence of contraction. 

l ® Generally the specific gravity is observed by weighing in air and dividing the weight 
in grams by the volume in cubic centimetres, the latter being found from the weight of 
water displaced, divided by its density at the temperature at which the experiment is carried 
out. If we call this specific gravity S i} then as a cubic centimetre of air under the usual 
conditions weighs about 0*0012 gram, the sp. gr. in a vacuum S = S± + 0'0012 (Si~ 1L 
if the density of water = 1. 

*° If the sp. gr. S 2 be found directly by dividing the weight of ft solution by the 
weight of water at the same temperature and in the same volume, then the true sp. gr* 
S referred to water at 4° is found by multiplying S 2 by the sp. gr. of water at the tem¬ 
perature of observation. 
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solution. Common salt is somewhat soluble in alcohol,® 1 but it is 
insoluble in ether and in oils. 

Common salt gives very few compounds n (double salts) and these 
are very readily decomposed: it is also decomposed with great difficulty 
and its dissociation is unknown.® 3 But it is easily decomposed, both 
when fused and In solution, by the aotion of a galvanic current. If the 
dry salt; be fused in a orucible and an electric current be passed through 
It by immersing carbon or platinum electrodes in it (the positive elec¬ 
trode is made of carbon and the negative of platinum or mercury), it is 
decomposed: the suffocating gas, chlorine, is liberated at the positive 
polo and metallic sodium at the negative pole. Both of them acton the 
excess of water at the moment of their evolution ; the sodium evolve^ 
hydrogen and forms caustic soda, and the chlorine evolves oxygen and 
forms hydrochloric add, and therefore on passing a current through a 
solution of common salt metallic sodium will not be obtained-—but 
oxygen, chlorine, and hydrochloric aoid will appear at the positive 
pole, and hydrogen and caustio soda at the negative pole. 88 m Thus 
salt, like other salts, is decomposed by the action of an electric current 
into a metal and a haloid (Chapter III.) Naturally, Hke ail other 
salts, it may be formed from the corresponding b§ae and acid with 
the separation of water. In fact if w© mix caustio soda (base) 
with hydrochloric acid (acid), table salt is formed, N&HO + HOI 
tss NaCl *+■ HjO. 

81 According to Schiff 100 grams ol alcohol, containing p p.o, by weight of 
dissolves at 15°— 

p rn 10 20 40 00 80 

28’5 22*0 18'2 5 9 1*2 grams NftOl, 

83 Amongst the double salts formed by sodium chloride that obtained by Ditto (1870) 
by tho evaporation of the solution remaining after heating sodium iodate with hydro* 
chlorio aoid until chlorine ceases to be liberated, is a remarkable one. Its compo'iitlon is 
NaI05,Na01,14H 8 O. Rammelsberg obtained a similar (perhaps fcjio same) salt in well- 
formed crystals by the direct reaction of both salts. 

n But it gives sodium in the flame of a Buneen r s burner (see Spectrum Analysis), 
doubtless wader the reducing action of the elements carbon and hydrogen. In the 
.presence of an excess of hydrochloric acid in the flame (when the sodium would form 
, sodium chloride), no sodium is formed in the flame and the salt does not eommunleat© 
f its usual coloration. 

*3 su There is no doubt, however, but that chloride of sodium 4 also decomposed in 
Its aqueous solutions with the separation of sodium, and that it does not simply enter 
into double decomposition with the water (NaOl+ILjO»NaBO+HOI). This is see* 
from the fact that when a saturated solution of NaCl is rapidly decomposed by ah electric 
current, a large amount o! chlorine appears at the anode and a sodium amalgam forms 
ct the mercury cathode, which acts but slowly upon the strong solution of efeli 
; Castuer’s process for' the electrolysis of brpoe into chlor’no and caustio soda is an 
application of this method which has been already worked In England on an industrial 
ecale. 
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With respect to the double decompositions of sodium chloride it 
should be observed that they are most varied, and serve as means 
of obtaining nearly all the other compounds of sodium and chlorine. 

The double decompositions of sodium chloride are almost exclusively 
based on the possibility of the metal sodium being exchanged for 
hydrogen and other metals; But neither hydrogen nor any other metal 
can directly displace the sodium from sodium chloride. This would- 
result in the separation of metallic sodium, which itself displaces 
hydrogen and the majority of other metals from their compound^ and 
is not, so far as is known, ever separated by them. The replacement 
of the sodium in sodium chloride by hydrogen and various metals 
Can only take place by the transference of the sodium into some 
other combination. If hydrogen or a metal, M, be combined with an 
element X, then the double decomposition NaCI + MX = NaX + MCI 
takes place. Such double decompositions take place under special, 
conditions, sometimes completely and sometimes only partially, as 
we shall endeavour to explain. In order to acquaint ourselves with 
the double decompositions of sodium chloride, we will follow the 
methods actually employed in practice to procure compounds of 
sodium and of chlorine from common salt. For this purpose we 
will first describe the treatment of sodium chloride with sulphuric 
Acid for the preparation of hydrochloric acid and sodium sulphate. 
We will then describe the substances obtained from hydrochloric acid 
and sodium sulphate. Chlorine itself, and nearly all the compounds 
of this element, may be procured from hydrochloric acid, whilst sodium 
carbonate, caustic soda, metallic sodium itself and all its compounds, 
may be obtained from sodium sulphate. 

Even in the animal organism salt undergoes similar changes, 
furnishing the sodium, alkali, and hydrochloric acid which take part in 
the processes of animal life. 

Its necessity as a constituent in the food both of human beings and 
of animals becomes evident when we consider that both hydrochloric 
acid and salts of sodium are found in the substances which are separated 
out from the blood into the stomach and intestines. Sodium salts 
are found in the blood and in the bile which is elaborated in the 
liver and acts on the food in the alimentary canal, whilst hydro¬ 
chloric aoid is found in the acid juices of the stomach. Chlorides of the 
metals are always found in considerable quantities in the urine, and if 
they are excreted they must be replenished in the organism ; and to 
the replenishment of the loss, substances containing chlorine compounds 
must be taken in food. Not only do animals consume those small 
amounts of sodium chloride which are found in drinkingwater or in plants 
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or other animals,butexperiencehas shown that many wild animals travel 
lohg distances in search of salt springs,, and that domestic animals 
which in their natural condition do not require salt, willingly take 
it, and that the functions of their organisms become much more regular 
from their doing so. 

The action qf mlphuric acid on sodiutfi cMoride^li sulphuric acid 
he poured over common salt, then even at the ordinary temperature, as 
Glauber observed, an odorous gas, hydrochloric acid, is evolved. The 
reaction which takes place consists in the sodium of the. salt and the 
hydrogen of the sulphuric acid changing places, 

mCl + H,S0 4 « HC1 + NaHS0 4 

Sodium chloride Sulphuric acid Hydrochloric acid Acid sodium sulphate 

At the ordinary temperature this reaction is not complete, but soon 
ceases. When the mixture is heated, the decomposition proceeds 
•until, if there bp sufficient salt present, all the sulphuric acid taken is 
CQnverted into a’Cicl sodium sulphate. Any excess of acid will remain 
•unaltered. If 2 molecules of sodium chloride (117 parts) be taken 
per molecule of sulphuric acid (98 parts), then on heating the* mixture 
to a moderate temperature only one-half (58*5) of the salt will suffer 
change. Complete decomposition, after which neither hydrogen nor 
chlorine is left in the residue, proceeds (when 147 parts of table salt 
are taken per 98 parts of sulphuric acid) at a red heal only . Then— 

gmCl + H 2 S0 4 = * 2HC1 + Na,S0 4 

Table salt Sulphuric acid Hydrochloric acid Sodium sulphate 
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Not only in these two instances^ but in every instance, if a volatile acid 
e&n be formed by the substitution of the hydrogen of sulphuric acid for 
a metal, then this volatile acid will be formed. From this it may be 
concluded that the volatility of the acid should be considered as the 
cause of the progress of the reaction y and indeed if the acid be soluble 
but not volatile, or if the reaction take place in an enclosed space 
where the resulting acid cannot volatilise, or at the ordinary tempera* 
ture when it does not pass into the state of elastic vapour—then the 
decomposition does not proceed to the end, but only up to a certain 
limit. In this respect the explanations given at the beginning of this 
century by the French chemist Berthollet in his work' Essai de Statique* 
Chimique' are very important. The doctrine of Berthollet starts from 
the supposition that the chemical reaction of substances is determined 
not only by the degrees of affinity between the different parts, but al&$ 
by the relative masses of the reacting substances and by those physical 
conditions under which the reaction takes place. Two substances 
containing the elements MX and NY, being brought into contact 
with each other, form by double decomposition the compounds MY and 
NX; but the formation of these two new compounds will not proceed 
to the end unless one of them is removed from the sphere of action. 
But it can only be removed if it possesses different physical properties 
from those of the other substances which, are present with it. Either it 
must be a gas while the others are liquid or solid, or an insoluble solid 
while the others are liquid or soluble. The relative amounts of the 
resultant substances, if nothing separates out from their intermixture* 
depend only on the relative quantities of the substances MX and NY, 
and upon the degrees of attraction existing between the elements M, 
N, X, and Y; but however great their mass may be, and however con* 
siderable the attractions, still in any case if nothing separates out from 
the sphere of action the decomposition will presently cease, a state of. 
equilibrium will be established, and instead of two there will remain four 
substances in the mass: namely, a portion of the original bodies MX and 
NY, and a certain quantity of the newly formed substances MY and NX,- 
if it be assumed that neither MN or XY nor any other substances 
are produced, afid this may for the presentbe admitted in the case of 

84 If MX and NY represent the molecules of two salts, and if there be m tUr$ 
$ub&tancc present (such, as water in a solution), the formation of XY would dlsobe 
possible; for instance, cyanogen, iodine, &c. are capable of combining With simply haloid^ 
as well as with the complex groups which in certain salts play the part of haloids. Besides 
which the salts MX and NY or MY with NX may form double salts. If the number of 
molecules be unequal, or if the valency of the elements or groups contained in ihemh& 
different, as in NaCl + H 2 S0 4 , where Cl is a univalent haloid and S0 4 is bivalent* tJ^W 
matter may be complicated by the formattoof other coinpoundsbesides MY and NX. and 
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the double decomposition of salts in which M and N are metals and 
X and Y haloids. As the ordinary double decomposition here consists 
merely in tho exchange of metals, the above simplification is applicable. 
The sum total of existing data concerning the double decomposition of 
salts leads to the conclusion that from salts MX + NY there* always 
arises a certain quantity of NX and MY, as should be the case 
according to Bertholletfs doctrine. A portion of the historical ^daty 
concerning this subject will be afterwards mentioned, but we will at 
once proceed to point out the observations made by Spring (1888) which 
chow that even in a solid state salts are subject to a similar interchange 
<bi metals if in a condition of sufficiently close contact (it requires 
time, a finely divided state, and intimate mixture). Spring took two 
noa-hygrqscopio salts, potassium nitrate, KNO a , and well-dried sodium 
acetate, C a H a NaO a , and left a mixture of their powders for several 
months in a desiccator. An interchange of metals took place, as was 
Seen from the fact that the resultant mass rapidly attracted the 
moisture of the air, owing to the formation of sodium nitrate, NaN0 8) 
and potassium acetate, C 2 H a K 02 , both of which are highly hygro¬ 
scopic. 24 

When Berthollet enunciated his doctrine the present views of atoms 
and molecules had yet to be developed, and it is now necessary to sub¬ 
mit the matter to examination in the light of these oonceptaons j we will 
therefore consider the reaction of salts, taking M and N, X and Y as 
equivalent to each other—that is, as capable of replacing each other 
4 in toto/ as Na or K, JCa or^Mg (bivalent elements) replace hydrogen. 

And since, according to Berthollet’s doctrine, when mMX of one 
salt comes into contact with wNY of another salt, a certain quantity 
a?MY and asNX is formed, there remains m — x of the salt MX, and 
to — x of the salt NY. If m be greater than then the maximum 
interchange could lead to «= n, whilst from the salts taken there 
would be formed tiMY + nNX + (m — n)MX—that is, a portion of one 
only of the salts taken would remain unchanged because the reaction 
could only proceed between tiMX and wNY If x were actually equal 

tfLeu a solvent participates in the action, and especially if present in largo proportion, tho 
phenomena must evidently become still more complex; and this is actually the ease in 
nature. Hence while placing before the reader a certain portion of the existing store 
of knowledge concerning the phenomena of double saline decompositions, I cannot con¬ 
sider the theory of the subject as complete, and have therefore limited myself to a lew 
data, the completion of which must be sought in more detailed works on the subject of 
theoretical chemistry, without losing sight ol what has been said above. 

*4 us When the mixture of potassium nitrate and sodium acetate was heated by Spring 
to 100, it was completely fused into one mass, although potassium nitrate fuses at about 
640° and sodium nitrate at about 820 ° 
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to % the toast of the salt MX would not have any influence on the 
modu$ ojmamB of the reaction, which is equally In accordance with 
the teaching of Borgmann, who supposed double reactions to be inde¬ 
pendent of the mans and determined by affinity only. If M had more 
affinity*for X than for Y, and N more affinity for Y than for X, then 
according to Borgmann thorn would bo no decomposition whatever* and 
x would equal 0, If the affinity of M for Y and of N for X wore greater 
than those in the original grouping, then the affinity of M for X and of N 
for Y would beovereome, and,according to Bergmann’s doctrine, complete 
Interchange would take plao©~~ia. % would equal n. According to 
Bertholiet’a teaching, a distribution of M and N between X and Y will 
take place in every case, not only in proportion to the degrees of 
affinity, but also In proportion to the masses, so that with a small affinity 
and a large maw the same action can l>o produced m with a largo affinity 
and a small mass. Therefor©, (1) x will always bo loss than n and 

their ratio ? less than unity—that 1% tine decomposition wiU be ex¬ 
pressed by the equation,. mMX 4* *»NY «»(m — m )MX 4* (» — «)NY 
4* #MY* 4* #NX | (2) by increasing the mass m we increase the dc- 

composition-*-'that Si, we Increase x and the* ratio until with 

On Infinitely large quantity m the fraction ^ will equal 1, and the do* 

composition will be complete, however small the affinities uniting MY 
and NX may be j and (3) i tmm % by taking MX 4- NY or MY 4* NX 
we arrive at one and the s&m? system in d lA#r cam : (n — «) MX 
4* (n — ®)NY + #MY Hh «NX* Timm direct consequences of Bar- 
thoitet 1 * teaching are verified by experience* Thus, for example, a 
mixture of solutions of sodium nitrate and potassium chloride in all 
ca»ea Imii entirely the same properties a® a mixture of solutions of 
potassium nitrate and sodium chloride, of course on condition that the 
mixed solutions are of identical elementary composition. But this 
identity of properties might either proceed from one system of salts 
passing entirely into the other (Bergmann’s hypothesis) in conformity 
with the predominating affinities (for instance, from KOI 4* NaNO$, 
there might arise KNO* 4* NaOl, if it be admitted that the affinities of 
the elements m combined ia the latter system are greater than in the 
former) | or, on tip other hand, it might he because both systems by 
the interchange of a portion of their elements give one and the same 
elate of equilibrium, as according to Berthollet’s teaching. Experi¬ 
ment proves the latter hypothesis to be the true one. But before 
citing th§ moat UrtoaioaQjr Important exf*rimenta verifying BerthoUct’a 
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Barium sulphate, BaS0 4 , which is insoluble in water,.when fused 
witt sodium carbonate, Na 2 C0 3 , gives, but not completely, barium 
carbonate, BaC0 3 , (also insoluble), and sodium sulphate, Na 2 S0 4 . If a 
solution of sodium carbonate acts on precipitated barium sulphate, 
the same decomposition is also effected (Bulong, Bose), but it is 
restricted by a limit and requires time. A mixture of sodium carbonate 
and sulphate is obtained in the solution and a mixture of barium carbo¬ 
nate and sulphate in the precipitate. If the solution be decanted of 
and & fresh solution of sodium carbonate be poured over the precipitate, 
then a fresh portion of the barium sulphate passes into barium carbonate, 
and so by increasing the mass of sodium carbonate it is possible to- 
entirely convert the barium sulphate into barium carbonate. If a 
definite quantity of sodium sulphate be added to the solution of sodium 
carbonate, then the latter will have no action whatever on 
the barium sulphate, because then a system in equilibrium deter¬ 
mined by 'the reverse action of the sodium sulphate on the barium 
parbonate and by the presence of both sodium carbonate and sulphate in 
the solution, is at once arrived at. On the other hand, if the mass of 
the sodium sulphate in the solution be great, then the barium carbonate 
is reconverted into sulphate until a definite state of equilibrium is 
attained between the two opposite reactions, producing barium carbonate 
by the action of the sodium carbonate and barium sulphate by the action 
of the sodium sulphate. 

Another most important principle of Bertholletis teaching is 
the existence of a limit of exchange decomposition^ or the attain¬ 
ment of a state of equilibrium. In this respect the determinations of 
Malaguti (1857) are historically the most important. He took a 
mixture of solutions of equivalent quantities of two salts, MX and 
'NY, and judged the amount of the resulting exchange from the 
composition of the precipitate produced by the addition of alcohol. 
When, for example, 2 inc sulphate and sodium chloride (ZnS0 4 and 
2NaCl) were taken, there were produced by exchange sodium sul¬ 
phate .and zinc chloride. A mixture of zinc sulphate and sodium, 
sulphate was precipitated by an excess of alcohol, and it appeared 
from the composition of the precipitate that 72 per cent, of the salts 
kken had been decomposed. When, however, a mixture of solutions 
of sodium sulphate and zinc chloride was taken, the precipitate pre¬ 
sented the same composition as before—that* is, about 2$ per cent, of .the 
salts taken had been subjected to decomposition. In a similar experi¬ 
ment with a mixture Of sodium chloride and magnesium sulphate, 
SNaCl -b MgS0 4 or MgCl a 4* Na a S0 4 , about half of the metals under*, 
went the decomposition, which may be expressed by the equation 
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4H&C1 + 2MgS0 4 » 2NaCl + MgS0 4 + Na 2 S0 4 +MgCl 2 « 2Na 2 S0 4 + 

. 2MgCl 2 . A no less clear limit expressed itself in another of MalagutPs 
researches when he investigated the above-mentioned reversible reactions 
of the insoluble salts of barium. When, for example, barium carbonate, 
and sodium sulphate. (BaC0 3 + Na 2 S0 4 )- were taken, then about 72 per 
cent, of the salts were decomposed, that is, were converted into barium 
sulphate and sodium carbonate. But when the two latter salts were 
taken, then about 19 per cent, of them passed into barium carbonate 
and sodium sulphate. Probably the end of the reaction was not 
reached in either case, because this would require a considerable time 
and a uniformity of conditions attainable with difficulty. 

Gladstone (1855) took advantage of the colour of solutions of 
different ferric salts for determining the measure of exchange between 
metals. Thus a solution of ferric thiocyanate has a most intense 
red colour, and by making a comparison between the colour of the 
resulting solutions and the Oolour of solutions of known strength 
it was possible to judge to a certain degree the quantity of the 
thiocyanate formed. This colorimetric method of determination has 
an important significance as being the first in which a method was ap¬ 
plied for determining the composition of a solution without the removal 
of any of its component parts. When Gladstone took equivalent quanti¬ 
ties of ferric nitrate and potassium thiocyanate—Fe(N0 3 ) 3 + 3KCNS 
—only 13 per cent, of the salts underwent decomposition. On 
increasing the mass of the latter salt the quantity of ferric thio¬ 
cyanate formed increased, but even when more than 300 equivalents of 
potassium thiocyanate were taken a portion of the iron still remained 
as nitrate. It is evident that the affinity acting between Fe and N0 3 
and between K and CNS on the .one hand, is greater than the affinity 
acting between Fe and ONS, together with the affinity of K for N0 3 , 
on the other hand. The investigation of the variation of the fluor¬ 
escence of quinine sulphate, as well as ihe variation of the rotation of 
the plane of polarisation of nicotine, gave in the hands of Gladstone 
many proofs of the entire applicability of Berthollet’s doctrine, and in 
particular demonstrated the influence of mass which forms the chief 
distinctive feature of the teaching of Berthollet, teaching little appre¬ 
ciated in his own time. 

At the beginning of the year 1860, the doctrine of the limit of 
reaction and of the influence of mass on the process of chemical trans¬ 
formations received a very important support in the researches of 
Bertbelot and P. de Saint-Gilles on the formation of the ethereal salts 
BX from the alcohols BOH and acids HX, when water is also formed* 
This conversion is essentially very similar to the formation of salts, but 
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differs in that it proceeds slowly at tho ordinary temperature, extend¬ 
ing over whole yearn, and Is not complete—that is, it has a distinct 
limit determined hy a reverse reaction ; thus an ethereal salt EX with 
water gives an alcohol HOII and an acid IIX —up to that limit 
generally corresponding with two-thirds of the alcohol taken, if the 
action proceed tatwocn molecular quantities of alcohol and acid. Thus 
common alcohol, C a H*OH, with acetic, acid, IIC a lI/> 2 , gives the follow- 
lug system rapidly when heated, or slowly at the ordinary temperature, 
liOll + HX + 2EX + m,/\ whether wo start from 3BHO + 3IIX 
or from SEX *f Slf a O. The process and completion of the reaction in 
this instance are very easily observed, because the quantity of free 
add is easily determined from the amount of alkali requisite for its 
saturation, as neither alcohol nor ethereal salt acts on litmus or 
other reagent for acids. Under the influence of an increased mass 
of alcohol the reaction proceeds further. If two molecules of alcohol, 
ItIK ), 1m taken for every one molecule of acetic acid, IIX, then instead 
of flfl p.e., H3 p.c. of the acid png mu into ethereal salt, and with fifty 
molecules of El 10 nearly all the add is etherised. The researches of 
Mensohutkin In their details touched on many important aspects of the 
same subject, such m the influence of the composition of the alcohol 
and licit! on the limit and rate of exchange*—but these, as well as other 
details, must bo looked for in special treatises on organic and theoretical 
chemistry. In any ease the study of etherification him supplied chemical 
mechanics with clear and valuable data, which directly confirm the 
two fundamental projmaitions of Bcrthollet; the influence of mass, 
and the limit of motion—that i% the equilibrium between opposite 
motions. The study of numerous instances of dissociation which we 
have already touched on, anti shall again meet with on several 
occasions, gave the same results. With respect to double saline 
decompoHiti< ms, it hi also necessary to mention the researches of 
Wiedemann on the decomposing action of a mass of water on the 
fordo nalts, which could 1 m determined by measuring the magnetism 
of the solutions, iawnim the ferric oxide (soluble colloid) set free by 
the water i« lew magnetic than the ferric salts. 

A very iuijfmrtant e|*och in the history of Berthollet’a doctrine was 
attained when, in IH1J7, the Norw©gi«a chemists, Uuldberg and Waag^ 
oxpreMied it wi an lilgobrale&l formula They defined the active mass 
m the number of molecules contained In a given volume, and assumed* 
as follows from the spirit of BerfcholIat , s teaching, that the action be* 
tween the sultttanrea was equal to the product of the masses of the 
reacting substances* Hence if the salts MX and NY be taken in 
equivalent quantities (mm l and» **■ 1) and the salts MY and NX use 

*1 
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action (for trample, in the casts of C&Cl a 4* Na g €O a , 75 per 

f CaCOj wuu precipitated in five minutes, 85 per cent in thirty 

s, and *J4 |u*r cent In two clays) determined by the temperature, 

a mans, a ml amount of water (a large mats of water decreases the 
mt that the limit of decomposition was also dependent on these 
cm However, even in researches of this kind the conditions 

tiou are complicated by the non-uniformity of the mod in, mas¬ 
ts a portion of the substance is obtained.or remains in the form of 
pitata, so that the system is heterogeneous. The investigation of 
saline* decompositions offer* many difficulties which cannot b# 
\r*$ m yet entirely overcome. Although many efforts have long 
mn mu do, the majority of the researches wort carried on ia 
s solutions, mid m wafer i» itself a saline compound and 
combine with uilts and outer into double decomposition with 
inch reactions taking place in solutions in reality present very 
x eases. a? In this mum) the reaction between alcohols and acids 


mi essM»|*l« two m#ili«i» a aiay h« mcaifamstl, and Oatwdd's* Thomsen 

iftM a IbsnwMil^mlfidi method to sxaMdtagty dilute solutions without taking 
» into furthar conridbraUtm. II* i mk itdutlotti of ssastio iq 4* mtetotyg 
pf HaMO, wad sulphuric add cofttelatag II 4 SO 4 4 IWHgO. hi oidur that thass 
i may b# mixad ia such quanttttes that atomic proportions of add «4 alkali would 
forty §f»tfi» of eau»Uc end* (which answers to its equivalent) there should 
ayiitl of nutphurta went* and then + heat unite would be ovolvod. 

mm&\ wnhutn »ult*hftt* ao forstund be allied with n oquh abate of sulphuric 


'ortalu stnoani of heat In absorbed, namely a quantity equal to 

to stpiWataut <4 esustir iwuls, in ettmbtam# with no equivalent of nitric &eil # 
4 Il f llf unite of limtt, will tl»# ftttguiout&tiuu of tli# amount of mteie arid euta.Ua 
pticti of best km each equivalent equal fa* -ft7 units; #0 also in combining with 
erf# mMs 4 1M40 Smm 4 wilt art absorbod, and far e&oh equivalent of hydro*. 
«?id faeyimd this amount Hi#*» an* abenriEmd —ttlhaat unit#*, Thomsen mixed 
1 of tUm* neutral Haiti, sodium sulphate, sodium chloride and sodium nitrate* 
ifi«l which in not rwiitniiwil lu it; km faatance, Ini mixed » solution of sodium 


with ttw-hifiMi* of mtrtc acid and determined tint number of heat sulfa* than 


. An fd*#«»i|*t4.*n of h* at cnnunl Ih'csumi a. normal salt was taken la the 
and the *m«Jnrn of nil tlw ubuve normal atdte will* add produces aa 
»n of heel, Th*» amount «f host abimrWl onaldml him k» obtain an Insight into 
ffthbig |»Uco in lliia mlxtuxu, for ttulphiiric add wide*! to iwlium nulnhata 
1 % cottimWablo quantity of heat, whibt hyilrwtUorb wwl uitiic acitb absorb a 
II of lira! in iliw t-m lly mixing an cquivalent of eodium rmlphata 

oiiH of ***|«iiuI«ntsiof nitric aenh TUomacu obacrvotl tbit thu amount *4 

in* iciiwd mo*o ami mam m th»» amount of nitric add wan incruawcd; thus 
Ui s ^m t*l«w |»»»f |NajHU|» heat tmita wtni abaorfaul pr equivalent of 
Uniwi m tb« i.> 4lmm wil|il»ti». Wlira twicti m mu#U nitric add wm ktoa,pi. 
b* and when tiirco fume** « much, heat mills mm abmrk«h Had fft# 
( wom|rt*ml*,♦« c»»mt*tcto in tb» gum whero «»o equivalent of itiferfo add was. 

r #qni%ftl#nt of % Umu according to culimlation from dmiiiur dstn theta 
gw# fawn ab^4lH?il unite of Ural, wltdo in reality only -1,75% u»Jt* we* 1 #, 

'* liims Thmnatm conclmlid that a *faa{darcim$rit $»f only «d>out twn*thir4a of ths 

s uvtd ImX tv-leu pfawMw>4M fas Ui# mtl» k i ^ te fa*# 
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is much more simple, and therefore its significance in confirmation 
of Berthollet’s doctrine is of particular importance. The only cases 

and NaN0 3 +£H 2 S0 4 is equal, as for ethereal salts, to 4. By taking this figure and ad* 
mitting the above supposition, Thomsen found that for all mixtures of soda with nitric 
acid, and of sodium nitrate with sulphuric acid, the amounts of heat followed Guldberg and 
Waage's law; that is, the limit of decomposition reached was greater the greater the 
mass of acid added* The relation of hydrochloric to sulphuric acid gave the same results. 
Therefore the researches of Thomsen fully confirm the hypotheses of Guldberg and 
Waage and the doctrine of Berthollet. 

Thomsen concludes his investigation with the words: (a) ‘When equivalent 
quantities of NaHO, HNO 5 (or HC1) and £H 3 S0 4 react on one another in an aqueous 
solution, then two-thirds of the soda combines with the nitric and one-third with the 
sulphuric acid; (b) this subdivision repeats itself, whether the soda be taken combined 
with nitric or with sulphuric acid; (c) and therefore nitric acid has double the tendency 
to combine with the base that sulphurio acid has, and hence in an aqueous solution 
it is a stronger acid than the latter/ 

‘It is therefore necessary/ Thomsen afterwards remarks, ‘to have an expression 
indicating the tendency of an acid for the saturation of bases. This idea cannot be 
expressed by the word affinity, because by this term is most often understood that force 
which it is necessary to overcome in order to decompose a substance into its component 
parts. This force should therefore be measured by the amount of work or heat employed 
for the decomposition of the substance. The above-mentioned phenomenon is of an 
entirely different nature/ and Thomsen introduces the term avidity, by which he desig¬ 
nates the tendency of acids for neutralisation. * Therefore the avidity of nitric acid with 
respect to soda is twice as great as the avidity of snlphurio acid. An exactly similar 
result is obtained with hydrochloric add, so that its avidity with respect to soda is also 
double the avidity of sulphuric add* Experiments conducted with other acids showed 
that not one of the adds investigated had so great an avidity as nitric acid; some had a 
greater avidity than sulphurio add, others leas, and in some instances the avidity =- 0 / 
The reader will naturally see dearly that the path chosen by Thomsen deserves to be. 
worked out, for his results concern important questions of chemistry, but great faith 
cannot be placed in the deductions he has already, arrived at, because great complexity 
Of relations is to be seal in the very method of his investigation. It is especially 
important to turn attention to the fact that all the reactions investigated are reactions 
of double decomposition. In them A and B do not combine with C and distribute them* 
selves according to their affinity or avidity for combination, but reversible reactions are 
induced. MX and NY give MY and NX, and conversely; therefore the affinity or avidity 
for combination is not here directly determined, bnt only the difference or relation of the 
affinities or avidities. The affinity of nitric add not 'only for the water of constitution, 
but also for that serving for solution, is much less than that of sulphuric acid. This is 
seen from thermal data. The reaction N 2 O 5 +H 2 O gives +8,600 heat units, and the 
solution of the resultant hydrate, 2NH0 3 , in a large excess of water evolves +14,986 heat 
units. The formation of SOj+H^O evolves + 21,808 heat units, and the solution of 
HsSO* in an excess of water 17 , 860 —that is, sulphuric add gives more heat in both cases. 
The interchange between NojgSC^ and 2 HN 0 3 is not only accomplished at the expense of 
the production of NaN0 3 , but also at the expense of the formation of H 2 SO 4 , hence the 
^ sulphuric add for water plays its part in the phenomena of displacement 
Therefore in determinations like those made by Thomsen the water does not form a 
medium which is present without participating in the process J it also takes part in the 
reaction. (Compare Chapter IX., Note 14.) 

WMsfe retaining essentially the methods of Thomsen, Ostwald (1876) determined the 
variation of thesp. gr. (and afterwards of volume), proceeding in the same dilute solutions! 
m saturation of adds by bases, and in the decomposition of the salts of one acid by 
fhs other, and arrived at c o n clu si ons of fust the same nature m Thomsen's. Ostwald’s 
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which can be compared with these reactions for simplicity are those 
exchange decompositions investigated by G. G. Gustavson, which 

method will be clearly understood from an example. A solutionof caustic soda containing 
an almost molecular (40 grams) weight per litre had a specific gravity of T04051. The 
specific gravities of solutions of equal volume and equivalent composition of sulphuric 
and nitric acids were T02970 and T03084 respectively. On mixing the solutions ol 
JSfaHO and H 2 S0 4 there was formed a solution of N%S0 4 of sp. gr. 1*02959; hence 
there ensued a decrease of specific gravity which wo will term Q, equal to 1*01051 
+1*02970—2(1 *02959) = 0*01103. So also the specific gravity after mixture of the solutions 
of NaHO and HN0 5 was 1-02633, and therefore Q= 0*01869. When one volume of the 
solution of nitric acid was added to two volumes of the solution of. sodium sulphate, a 
solution of sp. gr. 1*02781 was obtained, and therefore the resultant decrease of sp. gr. 

<3x=2(1*02959) +1*03084-3(1 : 02781)« 0*00659. 

'Had there been no chemical reaction between the salts, then according to Ostwald'e 
reasoning the specific gravity of the solutions would not have changed, and if the nitrip 
acid had entirely displaced the sulphuric acid Q 2 would bo =0*01869 —0*01103 = 0*00760. 
It is evident that a portion of the sulphuric acid was displaced by the nitric acid. But the 
measure of displacement is not equal to the ratio between and Q 2 , becauso a decrease 
of sp. gr. also occurs on mixing the solution of sodium sulphate with sulphuric acid, 
whilst thp mixing of the solutions of sodium nitrate and nitric acid only produces a slight 
variation of sp. gr. which falls within the limits of experimental error. Ostwald deduces 
from similar data the same conclusions as Thomsen, and thus reepnfirms the formula 
deduced by Guldberg and Waage, and the teaching of Berthoilet. 

The participation of water is seen still more clearly in the methods adopted by 
Ostwald than in those of Thomsen, because in the saturation of solutions of acids by 
alkalis (which Kremers, Reinhold, and others had previously studied) there is observed, 
not a contraction, as might have been expected from the quantity of heat which is then 
evolved, but an expansion, of volume (a decrease of specific gravity, if wo calculate as 
Ostwald did in his first investigations). Thus by mixing 1,880 grams of a solution of 
sulphuric acid of the composition S0 3 + 100H 2 0, occupying a volume of 1,815 c.c., with a 
corresponding quantity of a solution 2(NaH04-5H 2 0), whose volume =1,793 c.c., we 
obtain not 8,608 but 8,683 c.c., an expansion of 25 c.c. per gram molecule of the resulting 
salt, Na 2 S0 4 . It is the same in other cases. Nitric and hydrochloric acids give a still 
greater expansion than sulphuric acid, and potassium hydroxide than sodium hydroxide, 
whilst a solution of ammonia gives a contraction. The relation to water must be con¬ 
sidered as the cause of these phenomena. When sodium hydroJcide and sulphuric acid 
dissolve in water they develop heat and give a vigorous contraction; the water is sepa¬ 
rated from such solutions with great difficulty. After mutual saturation they form the 
salt Nft. 2 S0 4 , which retains the water but feebly and evolves but little heat with it, i.e., in 
other words, has little affinity for water. In the saturation of sulphuric acid by soda the 
water is; so to say, displaced from a stable combination and passes into an unstable com¬ 
bination ; lienee an expansion (decrease of sp. gr.) takes place. It is not the reaction of 
the acid on the alkali, but the reaction of water, that produces the phenomenon by which 
Ostwald desires to measure the degree of salt formation. The water, which escaped 
attention, itself has affinity, and influences those phenomena which are being investigated. 
•Furthermore, in the given instance its influence is very great because its mass is larges. 
When it is not present, or only present in small quantities, the attraction of the base to the 
acid leads to contraction, and not expansion. Na$0 has a sp. gr. 2*8, hence its molecular 
volume « 22; the sp. gr. of S0 5 is T9 and volume 41, hence the sum of their volumes is 69; 
for N%S0 4 the sp. gr. is 2*65 and volume 58*6, consequently there is a contraction of 10 e.e. 
per gram-molecule o! salt. The volume of H 2 S0 4 = 58*3, that of 2N&HO«=87'4; there is> 
produced 2H 2 0, volume = 36, 4- Na^SO^, volume** 58*6. There react 90*7 c.e., and on satu¬ 
ration there result 89-6 c.e.; consequently contraction again ensues, although lass, and 
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take place between CC1 4 and RBr n on the one hand, and CBr 4 and 
RCl n on the other. This case is convenient for investigation inas-i 
much as the RC1* and RBr tt taken (such as BC1 3 , SiCl 4 , TiCl 4 , P0C1 3 , 
and SnCl 4 ) belong to those substances which are decomposed 
by water, whilst CC1 4 and CBr 4 are not decomposed by water ; and 
therefore, by heating, for instance, a mixture of CC1 4 -b SiBr 4 it m 
possible to arrive at a conclusion as to the amount of interchange 
by treating the product with water, which decomposes the SiBr 4 left* 
unchanged and the SiCl 4 formed by the exchange, and therefore 
by determining the composition of the product acted on by the water 
it is possible to form a conclusion as to the amount of decomposition. 
The mixture was always formed with equivalent quantities—for in¬ 
stance, 4BC1 3 4* 3CBr 4 . It appeared that there was no exchange 
whatever on simple intermixture, but that it proceeded slowly, 
when the mixture was heated (for example, with the mixture above 
mentioned at 123° 4*86 per cent, of 01 was replaced by Br after 14 days 1 
heating, and 6*83 per cent, after 28 days, and 10*12 per cent, when 
heated at 150° for 60 days). A limit was always reached which 
corresponded with that of the complemental system; in the given 
instance the system 4BBr 3 -f 3CCl 4 . In this last 89*97 per cent, of 
bromine in the BBr 3 was replaced by chlorine; that is, there were 
obtained 89*97 molecules of BCl 3 and there remained 10*02 molecules 
of BBr 3 , and therefore the same state of equilibrium was reached as 
that given by the system 4BC1 3 + 3CBr 4 , Both systems gave one and 
the same state of equilibrium at the limit, which is in agreement with 
EerthoUet’s doctrine. 83 

although this reaction is one of substitution and not of combination. Consequently tbd 
phenomena Btudied by OstmlcL depend but little on the measure of the reaction of thcJ 
salts, and more on the relations of the dissolved substances to water. In substitutions* 
for instance 2NaN0 3 +H 0 SO 4 =2HN0 5 +Na^S0 4) - the volumes vary but slightly: in the 
above example they are 2(88*8) -f 53*3 and 2(41*2)+'58*6; hence 181 volumes act, and 183 
volumes are produced. It may be concluded, therefore, on the basis of what has been said, 
that on taking water into consideration the phenomena studied by Thomsen and Ostwald 
are much more complex than* they at first appear, and that this method can scarcely 
lead to a correct interpretation as to the distribution of acids between bases. We 
may add, that P. D. Chroustcheff (1890) introduced a new method for this class of, 
research, by investigating the electro-conductivity of solutions and their mixtures, and 
obtained remarkable results (for example, that hydrochlorio acid almost entirely displaoe$ 
formic acid and only f of sulphuric acid), but details of these methods must be looked, 
for in text-books of theoretical chemistry. 

* 8 Gustavson’s researches, which were conducted in the laboratory of the 

St. Petersburg University in 1871-72, are among the first in which the measure of 
the affinity of the elements for the halogens is recognised with perfect dearness in the limit 
of substitution and in the rate of reaction. The researches conducted by A. L. Potilitzitt 
(of which mention will be made in Chapter XI., Note 66) in the same laboratory touch on 
another aspect of the same problem which has not yet .made mntfh progress, nottvith* 
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Thu® we now find ample ooufirmation from various quarters for the 
following rule® of Berthollot* applying them to double saline decom¬ 
positions * L From two salts MX and NY containing different haloids 
and metals there result from their reaction two others, MY and NX, 
but luch a substitution will not proceed to the end unless one product 
passes from the sphere of action. 2. This reaction is limited by the 
existence of an equilibrium between MX, NY, MY, and NX, because a 
reverse reaction is quite as possible m the direct reaction. 3. This limit 
Is determined both by the measure of the active affinities and by the rela¬ 
tive masses of the substances m measured by the number of the reacting 
molecules. 4. Other conditioni being constant, the chemical action is 
proportional to the product of the chemical masses in action.** 

steading lit Importance and lb# fact that th# thooroUeal side of the gnbjoob (thanks 
C#p#oUilly to Guldborg and Vau’t Half) has since I mm rapidly pushed forward. If tho ro* 
##areh#s of Oustevson took account of tho influence of mass, and wore more fully 
•applied with data ctmo#ralugtv#kx)lil#« and temparatur®#, they would b# vary Important, 
Immum of the gwiat significance whieh th# case considered has for th# understanding of 
fbohk uaJIn# dooompositious in tho ttbmm of water. 

Wurtimmer*, OtMtevaai Aowtd that the pnater th# atomic Weight of th# 4 «m#nt 
(B» 81, Tt, As, Bn) combined trifh okhrifrt Cn greater th# amount of chlorine re$ao#d 
by brenitae by th# action of OBr,#, wS oonwqnttttly th# l#ss the amount of bromine 
ftpl##td by otdortn# by th# actloa of COh on hrmim compound#. For imtenoe, for 
elilorUi# compound# th# p#ro#oii»§© of sahetitutlon (at th# limit) i§— 

BClf HiCls TIC1* AeOls SnCl* 

101 195 48-0 71*8 77*8 

It should b# ©buorvut!, however, that Thorp#, on th# basis of fiU experiments, denies 
th# universality of thisconclusion. I may mention on© conclusion' whioh it appear# to ms 
may b# drawn horn IH« above-cited figure# of Quttevson, if they «r# subsequently verified 
#v#» within narrow limit#, If CBr* h# h#at#d with B04> then m #xohaag# of th# bromine 
lor chlorine take# plao#. But what would b# th# result U it ##r# mix#d with CCh? 
Judging by th# magnitude of th# atomic weight#, B«ll, CUtt, 81 »S 8 , about 11 p.e. of 
th# chlorine would t m replaced by bromin#. But to what do## this point t I think that 
H 1 I 1 shows tho existence of a motion of th# atom® in the molecule. Th# xn&ture of OOI 4 
and Cltr* do#* not remain in a condition of static equilibrium $ not only am th# mnteeutes 
contained in it in a state of motion, but also th# atom# in th# moteoul##, and th# above 
figures *l»«»w tho measure of their translation under the## conditions, The bromine in 
the CIir 4 is, within th* limit, substituted by the chlorine of tb# CC1 4 In © quantity of 
about II out of ICC: that f§,V portion of th# atoms of bromine previously to this moment 
In combination with on# atom of otrlmn past over to tho other atom of carbon, and th# 
chlorine passes oyer from this second ab*m of carbon to replace it. Therefore, also, in 
th# lioiiif»g®f»ow» mass CCI 4 all th# atom* of Cl do not remain constantly combined with 
th# name atoms of carbon, and th*r* i* an mchanpa #/ atom# b-Mwmn difvrent mote- 
mfm in a himoffmmm mmitmM «I#e. Thi# hypothesis may In my opinion explain 
Oitteto phenomena of diaaoelatlim, but though mentioning It I do not oonsidar It worth 
while to dwell upon it, I will only observe that a similar hyp 6 th##lft suggested itself to 
mn in mf »if?atvl*e« on solution#, ami that Ffanudlar enunciated an essentially similar 
hypothesis, and in recent times a like flew is beginning to find favour with re#piotto th# 
# 4 ##tfriy#i§ of saline solution#. 

• BurtheUst'# iwtrfni is hardly at all affected in i«rlndpl# by showing &a| thm ar# 
««•## in whether# i» m db«mpiiil« botwttn hmmm th# m«@t h$ m 
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Thus if the salts MX and NY after reaction partly formed salts MY 
and NX, then a state of equilibrium is reached and the reaction ceases ; 
but if one of the resultant compounds, in virtue of its physical properties, 
passes from the sphere of action of the remaining substances, then the 
reaction will continue. This exit from the sphere of action depends on 
the physical properties of the substance and on the conditions under 
which the reaction takes place. Thus, for instance, the salt NX may, 
in the case of reaction between solutions, separate as a precipitate,; 
an insoluble substance, while the other three substances remain in solu¬ 
tion, or it may pass into vapour, and in this manner also pass away 
from the sphere of action of the remaining substances. Let us now 
suppose that it passes away in some form or other from the sphere of 
action of the remaining substances—for instance, that it is transformed 
into a precipitate or vapour—then a fresh reaction will set in and a 
re-formation of the salt NX. If this be removed, then, although the 
quantity of the elements N and X in the mass will be diminished, still, 
according to Berthollet’s law, a certain amount of NX qhould be again 
formed. When this substance is again formed, then, owing to its 
physical properties, it will again pass away; hence the reaction, 
in consequence of the physical properties of the resultant substances, is 
able to proceed to completion notwithstanding the possible weakness of 
the attraction existing between the elements entering into the com¬ 
position of the resultant substance NX. Naturally, if the resultant 
substance is formed of elements having a considerable degree of 
affinity, then the complete decomposition is considerably facilitated* 
Such a representation of the modus op&randi of chemical trans¬ 
formations is applicable with great' clearness to a number of re¬ 
actions studied in chemistry, and, what is especially important, • the 
application of this aspect of Berthollet’s teaching does not in any way 
require the determination of the measure of affinity acting between the 
substances present. Bor instance, the action of ammonia on solutions 


that even & large mass would still give no observable displacements. The funda¬ 
mental conditionfor the application of Berthollet’s doctrine, as well as Deville’s doctrine 
m the reversibility of reactions. There are practically irreversible 
OCU+^O-COs+IEBEa), fnst as thex* axe non-volatile sub- 
ft! accepting the doctrine of reversible reactions and retaining the 
fee^yol the evapomtion of liquids, it is possible to admit the existence of non-volatile 

reactions, wfthout any visible conformity to 
^ Writ* doctrine 

the 
t solution 
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of salts; the displacement* by its means, of basic hydrates insoluble in 
water; the separation of volatile nitric acid by the aid of non-volatile 
sulphuric acid, as well as the -decomposition of common salt by means 
of sulphuric acid, when gaseous hydrochloric acid is formed—may be 
taken as examples of reactions which proceed to the end, inasmuch as 
one* of the resultant substances is entirely removed from the sphere of 
action, but they in no way indicate the measure of affinity. 30 

As a proof that double decompositions like the above are actually 
accomplished in the sense of Berthollet's doctrine, the fact may be cited 
that common salt may be- entirely decomposed by nitric acid, and nitte 
may be completely decomposed by hydrochloric acid, just as they are 
decomposed by sulphuric acid ; but this only takes* place when, in the 
first instance, an excess of nitric acid is taken, and in the second instance* 
an excess of hydrochloric acid, for a given quantity of the sodium salt, 
and when the resultant acid passes off. If sodium chloride be put into 
a porcelain evaporating basin, nitric acid added to it, and the mix* 
ture heated, then both hydrochloric and nitric acids are expelled by 
the heat. Thus the nitric acid partially acts on the sodium' chloride, 
but on heating, as both acids are volatile, they are both converted into 

*° Common salt not only enters into double decomposition with acids but also with 
every salt . However, as clearly follows from BerthoUet's doctrine, this form of decom¬ 
position will only in a few cases render it possible for new metallic chlorides to be ob¬ 
tained, because the decomposition will not be carried on to the end unless the metallic 
chloride formed separates from the mass of the active substances. Thus, for example, 
if a solution of common salt be mixed with a solution of magnesium sulphate, double 
decomposition ensues, but not completely, because all the substances remain in the solu¬ 
tion. In this case the decomposition must result in the formation of sodium sulphate and 
magnesium chloride, substances which are soluble in water J nothing is disengaged, and 
therefore the decomposition 2NaC!+ MgSO*** MgCl*+Na^SC^ cannot proceed to the end. 
However, the sodium sulphate formed in this manner may be separated by freezing the 
mixture. The complete separation of the sodium sulphate will naturally not take place, 
owing to a portion of the salt remaining in the solution. Nevertheless, this kind of 
decomposition is made use of for the preparation of sodium sulphate from the residues 
left after the evaporation of sea-water, which contain a mixture of magnesium sulphate 
and common salt. Such a mixture is'found at Stassfurt in a natural form. It might be 
said that this form of double decomposition is only accomplished with a change of tem¬ 
perature ; but this would not be true, as may be concluded from other analogous cases. 
Thus, for instance, a solution of copper sulphate is of a blue colour, while a solution of 
copper chloride is green. If we mix the two salts together the green tint is distinctly 
visible, so that by this means the presence of tlie copper chloride in the solution of copper 
sulphate is clearly seen. If, now we add a solution of common salt to a solution of copper 
sulphate, a green colbration is obtained, which indicates the formation of copper chloride. 
In this instance it is not separated, but it is immediately formed on the addifciqa of 
common salt, as it should be according to BerthoUet's doctrine. 

The complete formation of a metallic chloride from common salt can only occur, 
Judging from the above, when it separates from the sphere of action. The salts of silver 
are instances in point, because the silver chloride is insoluble in water; and therefore 
ff we add a solution of sodium chloride to a solution of a silver salt, silver chloride and 
the sodium salt of that ooid which was m the silver salt are formed. 
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In chemical works the decomposition of sodium ohlorideby means of 

sulphuric acid is carried on on a very large scale, chiefly with a view to 
the preparation of normal sodium sulphate, the hydrochloric acid being 
a bye-produot, aJ Wi The furnace employed is tanned atoll 
It is represented in fig. 65, and consists of the following two parts * the 
pan B and the roaster 0, or enclosed space built up of large bricks 
a and enveloped on all sides by the smoke and flames from the fire 
grate, F The ultimate decomposition of the salt by the sulphuric 
acid is accomplished in the roaster. But the first decomposition 
of sodium chloride by sulphuric add does not require m high a 
temperature as the ultimate decomposition, and is therefore carried 
on in the front and cooler portion, B, whose bottom is heated by gas 
flues. When the reaction in this portion cea»§» and thd evolution 



of hydrochloric acid stops, then the mass, which contains about 
half of the sodium chloride still undcoomposed, ami the sulphuric 
ackl In the form of acid sodium sulphate, is removed from B and 
thrown into the roaster 0* where the action fa completed. Normal 
sodium sulphate, which we shall afterwards describe, remains In th# 
roaster. It Is employed both directly in the manufacture of glass* and 
In the propamtion of other sodium compounds--for instance* In the 

w w* iii efeamtaU wevk* where nufaimtie arid d 60 ® Battmf (Wpad wtiad fa 
e»g309»& nt parts of «di«u» tenfeottl 






450 


PRINCIPLES OF CHEMISTRY 


preparation of soda ash, as will afterwards be described For the present 
<we will only turn our attention to the hydrochloric acid evolved in B 
and 0. 

The hydrochloric acid gas evolved is subjected to condensation by 
dissolving it in water. 32 If the apparatus in which the decomposition 
is accomplished were hermetically closed, and only presented one outlet, 
then the escape of the hydrochloric acid would only proceed through 
the escape pipe intended for this purpose. But as it is impossible to 
construct a perfectly hermetically closed furnace of this kind, it is 
necessary to increase the draught by artificial means, or to oblige the 
hydrochloric add gas to pass through those arrangements in which it is 
to. be condensed. This is done by connecting the ends of the tubes 
through which the hydrochloric acid gas escapes from the furnace with high 
chimneys, where a strong draught is set up from the combustion of the 
fuel. This causes' a current of hydrochloric acid’ gas to pass through the 
absorbing apparatus in a definite direction. Here it encounters a cur¬ 
rent of water flowing in the opposite direction, by which it is absorbed, 
It is not customary to cause the acid to pass through the water, but 
only to bring it into contact with the surface of the water. The absorp¬ 
tion apparatus consists of large earthenware vessels having four orifices, 
two above and two lateral ones in the wide central portion of each 
vessel. The upper orifices serve for connecting the vessels together, 
and the hydrochloric acid gas escaping from the furnace passes through 
these tubes. The water for absorbing the acid enters at the upper, and 
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tows out from the lower, vessel, passing through the lateral orifioes 
it* the vessels. The water flows from tip chimney towards tip furnace 
and it is therefore evident that the outflowing water will bo the most 
saturated with acid, of which it actually contains about 20 per cent. 
The absorption in these vessels is not complete. The ultimate al>®orp- 
tion of the hydrochloric add is carried on in the so-called coke totem*, 
which usually consist of two adjacent diimneys. A lattice-work of 
bricks is laid on the bottom of t these towers, on which coke is 
piled tip it* the top of the tower. Water, distributing itself over the 
coke, trickles down to the bottom of the tower, and la m doing absorbs 
the hydrochloric add gas rising upwards. 

It will bo readily understood that hydrochloric acid may ■ be 
obtained from all other metallic chlorides, 33 It is frequently formed 
In other reactions, many of which wo shall meet with in the further 
course of this work. It is, for instance, formed by the action of 
water cm sulphur chloride, phosphorus chloride, antimony chloride, Ac. 

Hydrmhhrw acki Is a colourless gas having a pungent suffocating 
odour and m add taste. This gas fumes In air and attracts moisture, 
b€»»»§ It forms vapour obtaining a oontpouxulof hydroohloricaddand 
water. Hydrochloric add Is liquefied by odd, and under a pressure of 
40 atmospheres, into m colourless liquid of sp. gr. 0*908 at 0®, w boiling 
point — IW* and absolute lulling point + 02®. Wo have already seen 
(Chapter I.) that hydrochloric add combines very energetically mth‘ 
tiwlcr, and in m doing evolve* a cansidorabln amount of heat The 
solution saturated in the cold attains & density 1*23. On heating such, 
a solution containing about 40 parte of add per 100 parte, the hydro* 

m Thun tho mttellie cshlctrfl#§» wbieh %m fasompassA to 4 pater or lew d#gw»^ by 
water, mmmiKmd with fouU« b«y§wt§» Burh am, lor nmmpli, MgCIf, AlQIf* 8W31§, 

Tim of iimpMmlmn ohkirUlo (*u»l %\m ctmtllito) by ittlphttrio sold p*0* 

«***!» nt Him oriliuftry t*>mjmrftturn; water 4lwmiiK»e» JfgCb to the ox tent of SO jos, 
wlwii by liimt, mill may be employed m m eonvimlimfc method for the production 
< 1 f hplruthUri*' tmd Jlydniohlcirlo mihl In «1no productMl by the ignition of curtain 
lit ft *taNiin of oNpeelidly of thoae motuli which turn owUy, 

m&amd mm! tltffltablUy oftkltaxl—for lmiuma< ullvitv chloride. JUmtl ehkmb, whoa 
hmM t« r««lfw»* in ft tmmmi of »t*ttn« given hydrochloric twml and load oxide. lb# 
waltitiii© of file c*p« of formation of hydrochloric adit itwi understood from the 
f*el that it I» a tmlwSMteo which li oi-?i»|«k»liv*sl| very titubfo, riasmtdiitg water la this 
9 mpm%*mi own f»»it probably mem stobto ftbait water, became* a high tmpm&wm 
•wl mmi undw Hin action of light* ohlorlas dmmkpmm water, with the formation of 
kfdrmhMo mk i Th# ownblttatfoa of md hydroma else ptommU hf Ml 

44f*tt4 mUoh, m mu *hftU afterwards 

** ULooovdUnw tet AttwMI (UMK>) ths ap, gr, of liquid hydi^tote #44 at QPwO$Mt«6 
IIWat fJ t 4 #4i will, ftt sa^o-m Mmm it f« mm teat thetpmiadii 

liQttkl li «*mt» Mi that ot «»»§• fit, Kdt &Q» 
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t&taffgo p» I# «pt!WI wilt* Iitilf * •Mglil ttfmfxfwrr of »q®wm 
#&gxmr. Hut It li to fiilltwlj **§*?*!* tli*i w|»|® ©f 1 )^ 

(kydroehlorfo neki fftwa il«» wstor li| ilit# mmtm t m mm M tn» iloftt In 
tho cjtjm of an solutioti. Tli« for tfe* 

ovolutton of lint gn* rtora and 1 U* * til » md rnitmr till# ranalii* 

tin* I«i 4 li ! . lilt Ml 1 ' iul li otiUUtMMl 

(«• wWt llSOg)# whkb, kmmw® *m*i (U«***i mm! ttiUnuur) 
j>¥Wmt & ootuitAiit tti«3bf «§tiltf«fit W^ttm t|© 

hydmtft to dfmmpmml in ill-itllkil«i« # m la mm* fr^ni th* itot<irtt*lit*ik«*§ 
of its vapour donwty (IHmm), Ip4h t U» U>'i* (l) itmt »tt% 

ttoermtn til tW |*r« wttfo ttfvf!#? wlurli fit# tlr.tilktn«4 |*i»* *mU ||it 

solution «! constant boiling pint *|'|****l*‘* u* % n *4 Vi » p% 

of hydrtjehloriu mid, 11 (Jl) tint t»f |*ufi»ii4# m «tr»**n4 *4 *l»> air tlir®»|| 
a solution of bytlvtieMorfo aoM %hrm u in ft®* f#» i4tt« m mlmkm 

wUdiAlao bppmidm iollpo *4 nti«t f *«4 M'<ro n*wl/ **flit n*M»j#f* 
iitf fblbt M {%) tftai May of tii# |*f«4 u4uU*m «f (tydfooMorlt 
aoid vary dlittMtty aoeof4l#*$ a*tk*y o»nt*in ®r!«?»tlan II §* % 
of fcydmhlorlo add (for fnstaaoit r-itf/lidu gltm hydro* 

gsn sulphitfo will n stronger »4 s i«l # l«it !• m4 M *»u l*j » 
iolutto» alio a «tftiii§4*r f«»r« in tin* *«* )* ns»4 11| ll*t tfi# 

ll€^01f|O €®rf«ipi«f4ta witli IS s f# fie"! fttmi 

«Qtiiiso dfttii! &ntl «l»o tnm Hi# l^n of u$mmn whkh m %k$ 

omoMiuAliO cl bpAtmWmk mlA will «#t#r f it n*n| lo md tl»i Huf 
fom n d^Mli ApIriKl# o( lfc« r/otojwsitt^i timUm tils 

lydmto t£m titot# also a tty4rsto # iltVli/i/ f «W4i |» 

Iwm^I % lit of tiyilw«W*rl« ii'fl by m 

ot * of — II*. Il t?fy4idli!nn* nn4 $it4f a #1 - I** 

The miftii ^psoUlo pmtltl* »t li* # tsUii^ w%ut st its mmMkmm 
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density (4°) as 10,000, for solutions containing p per cent* of hy&mgm 
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Tim formula 0,001'0*4-49*48^4'O’OdTlp 31 , up to jpss*20*20, which 
answers to the hydrate 1101,011^0 mentioned above, gives the specific 
gravity. Above Una percentage $ 9,700*1 4* 66*1% — 0’240p a * The 
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vegetable dyes, and does not effect many double decompositions which 
easily take place in the presence of water. This is explained by the 
fact that the' gaso-elastic state of the hydrochloric acid prevents its 
entering into reaction. However, incandescent iron, zinc, sodium, <ke., 
act on gaseous hydrochloric acid, displacing the hydrogen and leaving 
half a volume of' hydrogen for each volume of hydrochloric acid gas $ 
this reaction may serve for determining the composition of hydrochloric 
acid. Combined- with wjater hydrochloric acid acts as an acid 
much resembling nitric acid 42 in its energy and in many of its reactions ; 
however, the latter contains oxygen, which is disengaged with great ease, 
and so very frequently acts as an oxidiser, which hydrochloric acid is not 
capable of doing. The majority of metals (even those which do not 
displace the H from H 2 S0 4 , but which, like copper, decompose it to the 
limit of S0 2 ) displace the hydrogen from hydrochloric acid- Thus 
hydrogen is disengaged by the action of zinc, and even of copper and 
tin. 42M ® Only a few metals withstand its action ; for example, gold 
and platinum. Lead in compact masses is only acted on feebly, 
because the lead chloride formed is insoluble and prevents the further 
action of the acid on the metal. The same is to be remarked with re¬ 
spect to the feeble action of hydrochloric acid on mercury and silver, 
because the compounds of these metals, AgCl and HgCl, are insoluble 
in water. Metallic chlorides are not only formed by the action of 
hydrochloric acid on the metals, but also by many other methods; for 
instance, by the action of hydrochloric acid on the carbonates, oxides* 
and hydroxides, and also by the action of chlorine on metals and certain 
of their compounds. Metallic chlorides have a composition MCI; for 
example, NaCl, KOI, AgCl, HgCl, if the metal replaces hydrogen 
equivalent for equivalent, or, as it is said, if it be monatomic or 
univalent. In the case of bivalent metals, they have a composition 
MC1 2 ; for example, CaCl 2 , CuCl^ PbCl 2 , HgCl*, FeCl 2 , MnG 2 . The 
^composition of the haloid salts of other metals presents a further 
«variation ; for example, AICI 3 , PtCl 4 , <fec. Many metals, for instance 
<|Pe, give several degrees of combination with chlorine (FeCl 2 ,FeCl 3 ) 
as with hydrogen. In their composition the metallic chlorides differ 
fro)m the corresponding oxides^ in that the O is replaced, by Cl^, as should 
•follow.from the law of substitution, because oxygen gives OHg, and Is 
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OQnmqmntty blratont* whilst rbWin* form* It®, *nd la thnrefoiw 
tmSv&lont. Ho, for inatanm Iwmi* ©*ub% IV* \ c«*rrw«i*>ti'Ui with 
ferrous ehloridp, Pc®t» a»4 tho o*J4n IV g n, with ferrfe chlomitf, which 
J# ak© mmn from tit® origin of than* compound*, fur IVC1, |j§ ©H, 
tainod by tha notion of hydrochloric »rl*l «« ferrous or eartwmat* 
and FoCi* hj tin notion on fenrio «m«R In a wont, nil tf»* typical 
proprM« of ncldn nm shown hy hydro* hkrte *ri4 t *n4 41 tint typical 
proprMw of anlta In lli« ftwtuliie ohlorhfea 4«rh«4 fr*»m it, Acids ami 
salts ©omp©w4 Hitt !!C1 and M»CI|» wiihmit any my${«u l#*ar th* tuttno 
of haloid uni In ; for Instant?©, If Cl t* » h444 »44, N*H % halmd salt, 
chlorin* a halogen* T!t» capacity 4 hydrochloric arid t*> giv«\ by |^» 
action on Mfy a ynotailio chl«>rid«, MO g , amt wafer, m hmttad a§ 

high iompirnttimnhy fit piw rwtjMu M< 1 # ♦ li/< Mm 4 ; k |ft% 

and th# t»©ri pronoitnond *tt» tltn basic §if«§*rti«§ of M* * th» fi*l#J«?r m 

thft wmtm notion* mhlh for fasblar h**<n» such a* Al,« *,» Mg* h tl® # this 
mmm motion pmeoda with w, chloride* tmrrtwponding 

with tht poroxidrs olthor do »©l nxkt, aw r*?ily with 

tho disongogotuont of chlorliw. Thus there i* 110 r«itti|M>tmd ltnt!! # 
coiwi|K*iifling with tliti peruxidt* lt«4'i # , MotalUo thh'rida* hating 
tb© gononil fwtptct of salta, lil«i ttw*If reprre*iii»ti*a s«titifii rhlorid*, 
are, m a rok, really fusiblis mow *n than tl» nmAm (fer Cut) 

Mnftttlbltatft immm hunt* whilst i\Vl t in r*»dy fuM*l) and tsmtty 
Oth^r «dt«» Ualtr A# nrtimt of hmt m*ny * lih 1 *4* n nwrm iialiJi 
th^a t&n «Mf% mm n «m #t«ii Ini twiiirtt#^l ju! » % nr # thm m*rm« 
livt Bg€JJ|, it f«biii*t. 4 wiiiiti it#*! o*y« ifgo 

dteomp^M at a rrd Itmh ftilttr ehM4n, AgCI, i» fuaihlo mmi 
l« with difficulty, whilst A$,0 l« wunljr tim 

majority of thi »it*II|o cbh»rid«« mm »,*lnlik in tritsr, mhm 
ohlorido, ouprotti chioHdo» inorotmnta r|il<»Hdc, and l*m4 cliforiit# art 
sparingly soluhl© in wat#r» and nw tliwf^rw m^dy *d>uhwd m pw* 
bipltntns when a solution of tb§s4i« of thw i» with a 

loifitlon d! »y oMorlii or nvan with hyditahlurlx} n«id* Tha matat 
ocuitnlnad in n haloid salt may c4t#n h# trj*!a*v4 hy metaf, or 

tvtn % Ityds^mijuit aa k llto will* a wriai in m Tfmi 

dlsplaoift wiwiiiy from n w4tttl*-n of mwmh 

HgO| + On m On®! +1%, and hydn^nat 4 ml li#*t «li*|4a«w »iiiw 

from dlftr ©hkiM% SAgOi + II, ■ Ag» ♦ IlfH, Tli^, ^wi a mtmh 

mAmii timStee tmfifam, form th# typl^l ^hotta *i 4mUm mUm 
dccompoiiifcioni* Thm nmmm of itmmmpmiilm mmi il® f«i4it4«u usdkr 
wMd^ roaot&w <1 donW« »in«ilwftii^tifit» pmml ki oii« or in Hit 

o«m» diraote mdntm4nad % tto pwprtisa 4 Hip *mm\*md* 

^vluch takf part In thonit/^pililt 4 
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temperature* Ac., as was shown in the preceding portions of this chapter, 
<and as will be frequently found hereafter. 

If hydrochloric acid enters Into double decomposition with basic 
oxides and their hydrates, this is only .due to its acid properties ; and 
for the same reason it rarely enters into double decomposition with 
adds and acid anhydrides. Sometimes, however, it combines with the 
latter, as, for instance, with the anhydride of sulphuric acid, forming 
the compound SO a HCl; and in other cases it aots on acids, giving up 
‘its hydrogen to their oxygen and forming chlorine, as will be seen in 
the following chapter. 

Hydrochloric acid, as may already be concluded from the compo¬ 
sition of its molecule, belongs to the monobasic acids* and does not, 
therefore, give true add salts (like IINaS0 4 or HNa€O a ) \ nevertheless 
many metallic chlorides, formed from powerful bases, are capable ol 
combining with hydrochloric acid, just as they combine with water, or 
with ammonia, or as they give double salts* Compounds have long 
been known of hydrochloric acid with auric, platjnio, and antimonious 
-chloride®, and other similar metallic chlorides corresponding with very 
feeble bases* But Berthelot, Bngd, and others have shown that the 
capacity of HOI for combining with M*G* is much more frequently 
encountered than was previously supposed. Thus, for instance, dry hydro¬ 
chloric acid when passed into a solution of rino, chloride (containing an 
excess of the salt) gives in the cold (0°) a compound HGl,ZnCl 9 , 2 Hg 0 9 
and at the ordinary temperature HCJ,2ZnOl a ,just as it is able at 
4©w temperatures to form the cxystallo-hydrate ZnCl a ,3H a O (Engel, 
1886). Similar oompoundsare obtained with OdCl*,CuO] ai HgOl^FogCl^ 
Ao. (Berthelot, Ditto, OhdtsofP, LachirrofF, tad others). These com¬ 
pounds with hydrochloric acid are generally more soluble in water than 
the metallic chlorides themselves, so that whilst hydrochloric add 
decreases the solubility of M tl Cl m , corresponding with energetic bases (for 
instance, sodium or barium chlorides), it increases the solubility of the 
metallic chlorides corresponding with feeble bases (cadmium chloride* 
ferric chloride, Ac.) Silver chloride, which is insoluble in water, m soluble 
In hydrochloric add. Hydrochloric acid also combines with certain un- 
saturated hydrocarbons (for instance, with turpentine, C lo H lc ,2H01) and 
their derivatives. Sd-ammoniac, or ammonia hydrochloride, NH 4 d 
»b» NH„HC1, also belongs to this class of compounds, 41 If hydrogen 
chloride gas be mixed with ammonia gas a solid compound emsMing 

<* Whm m unseturated hy&roo&rho% or, m -goners)* m untstessM 
eesimikWe to itoelf the ttd«cwk» Cl a , HCJ, SO* H a $0 4 , Ac., the mxm of the rosettes 
|» most simple. As nitrogen, btsidos the type NX® to which HH* belongs, give* com* 
pounds of the type IO«-~for example, NO s (OH>-thd formation of the mM of 
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CHAPTER XI 

mm tiMMmm mimmu , beomimi* 10 mnb, a m fluorine 

Ai.THoroii hydroehlurio acid. like water, la on© of the most stable 
iul»ntiiiief>«t it is nevertheless decomposed not only by the action of a 
galvanic current,' but alno by a high temperature. Bainte-Claire Devillo 
showed that dt««uti|KMiiiion already occur© at 1,300°, because a cold 
tut re (m wit h CO, Chapter IX.) covered with an amalgam of silver absorbs 
chlorine from hydrochloric acid in a red-hot tubes and the escaping 
gait eeiitiilns hydrogen* V Meyer and Langtr (1885) observed the d©. 
r«»iii|»aittei of hydrochloric acid at 1,890® in a platinum vessel* the 
*le«iiti|«iiitlo» in thi» instance was proved not only from the fact 
that hydrogen diffused through the platinum (p. 142), owing to which 
the volume was diminished, but also from chlorine being obtained In 
tlm nemUm (the hydrogen chloride was mixed with nitrogen), which 
liberafeil indium fruiu potassium iodide.* The usual method for th© 
prcjtarat imi * *f chlorine consists in the abstraction of the hydrogen by 
oxidising«igtmt4. 3lll# 

Tim itf f «»#d w*Kumchloride by m eleetrlocurrent ha»been ptopoied 

in Aftiprlra ««»l Uu«»(* (N. N. Iteketeff) m a msuui for thft of chlorine and 

A tmliitiim of bydfcitlihirlo Mid ft d#©omp®«#d Into eqtud volumes of 

uliWiti** und by thn Mtlon of mi nlootrln current. If sodium eblorids md lend 

t« iii«j1i« 4 m a mo d.te, tin* f«*rm«ur Wing t'ornteclod with th©outlaid# and a carbon Anode 
in Um W4 th*m the h*wl ilkwdvei todium and ohlortae li tlisungag#d m gas* 
Tfa« rWiridyti© method Hah »«t y«t town on a burgo uml©, probably booauM 

ki iin! tunny and b«mu®e of th« diftteuHf tk«r© I® la 

«h <00**1 with It. 

* To i44i.iii m high n te»|«mt»y§ (at which thttbest kUuleof pomiktn eofttm) Lunger 
srw! If»y*»r employ m! Hoi p<t4|ditteldkS ctxbcm from gw rotor U, and a powerful 

t4f4.nl TWy dwtet iiiiiiPil llw teiii|wrftfar» by Urn idtemtion of Urn volume of nitrogen 
Ut ih» platinum vcHtart, for not purmoeto through platinum, and in uneltered 

t»V tfU^I 

»11m mM |»rop»itta* of hydmehlorio sold ww known when Luvoistar pointed out 
%|«i tuumlUm *>f a**HU by tint ©ombinsUtm of water with the oxidssof the ttoa*metile, 
%iii! llioroforn thorn wm* ronaiui for thinking that hydroehlodo acid wu$ formed by the 
of water with tlw oxide of sow# idement, Itono© wkn Bohoole obtained 
rldofiun by tlio mi Ion of Iiydmohlurio fudd on mungunseft peroxide he considered II m 
tli® will mnteUin**! in mmmmm m*U. Whoa il Waam© known theA obterto# ^ve« by4n>* 
tlitfifte *M with byilfwgta, LavtWw and ItertheUet sep^oeed illobe a oompotmd wtth 
mmm at m «bfd^ to wM* Tkm toal Mto>* 
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the halogens 


about 100° In tho laboratory thQ.pTepciTcition of chlowne la carried on 
in flasks, heated over a water-bath, by acting on manganese peroxide 

and hydrochloric acid does give chlorine at a red heat, and this reaction may also take 
place at the moment of its evolution in this case. 

All the oxides of manganese (Mn 2 0 3 , Mn0 2 , MnO* Mn 2 0 7 ), with the exception of man- 
g&nous oxide, MnO, disengage chlorine from hydrochloric acid, because manganous 
chloride, MnCl 2 , is the only compound of chlorine and manganese which exists as a stable 
compound, all the higher chlorides of manganese being unstable and evolving chlorine. 
“Hence we here take note of Wose^saS&te’-changes: (1) an exchange between oxygen and 
chlorine, and (2) the instability of the higher chlorine compounds. As (according to the 
law of substitution) in the substitution of oxygen -by chlorine, Cl 3 takes the place of O, 
the chlorine compounds will contain more atoms than the corresponding oxygen 
compounds. It is not surprising, therefore, that certain of the chlorine compounds 
corresponding'with oxygen compounds do not exist, or if they are formed are 
very unstable. And furthermore, an atom of chlorine is_keavier than an atom of oxygen, 
and therefore a given element would have to retain a large mass of chlorine if in the 
higher oxides the oxygen were replaced by chlorine. For this reason equivalent com¬ 
pounds of chlorine do not exist for all oxygen compounds. Many of the former are 
immediately decomposed, when formed, with the eyolution of chlorine. From this it is 
evident that there should, exist such chlorine compounds as would evolve chlorine as 
peroxides evolve oxygen, and indeed a large number of such compounds are known. 
Amongst them may be mentioned antimony pentachloride, SbClg, which splits up into 
chlorine 'and antimony trichloride when heated. Cupric chloride, corresponding with 
copper oxide, and having a composition CuCL*, similar to CuO, when heated parts with 
half its chlorine, just as barium peroxide evolves half its oxygen. This method may 
even be taken advantage of for the preparation of chlorine and-cuprous chloride, CuCh 
The latter attracts oxygen from the atmosphere, and in so doing is converted from a- 
colourless substance into a green “compound whose composition is Cu 2 Cl 2 0. With 
hydrochloric acid this substance gives cupric chloride (Cu 2 Cl 2 0+2HC1—H 2 0 4- 2CuCl^* 
which has only to be dried and heated jn order again to obtain chlorine. Thus, in solution, 
and at the ordinary temperature, the compound’ CuCl 3 is stable, hut when heated it- 
eplits up. On this property fe founded Deacon’s process for the preparation of chlorine 
from hydrochloric aoid with the aid of air tod copper salts, by passing a mixture of air and 
hydrochloric acid at 'about 440° over bricks saturated with a solution of a copper salt 
(a mixture of solution'of CuS0 4 and NajSO^. ChCl 3 is then formed by the double 
decomposition of the salt of copper and the hydrochloric acid; the CaCLj liberates 
chlorine, and the CuCl forms CU 2 CI 2 O with the oxygen of the air, which again gives Cud* 
with 2HC1, and so on. 
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with hydrochloric acid or a mixture of common salt and sulphuric 
acid 4 and washing the gas with water to remove hydrochloric acid. 4 
Chlorine cannot be collected over mercury, because it combines with 
it as with many other metals, and it is soluble in water; however, it 
*is but slightly soluble in hot water or brine. Owing to its great 
weight, chlorine may be directly collected in a dry vessel by carrying 
the gas-conducting tube down to the bottom of the vessel. The chlorine 
will lie in a heavy layer at the bottom of the vessel, displace the air, 
and the extent to which it fills the vessel may be followed by its colour. 

not participate m any way in the reaction, is added to the mixture to prevent its fusing. 
The reactions may be expressed by the following equations-: ( 1 ) 8 MgCl a + 8 MnCl a + 80 
« Mg 3 Mn 3 0 8 +12C1; ( 2 ) Mg 3 Mn 3 0$+10HC1 » 8 MgCl a + 8 MnCLj + 8H a 0 + 4 Cl. As nitric 
add is able to take up the hydrogen from hydrochloric acid, a heated mixture of these 
acids is also employed for the preparation of chlorine. The resultant mixture of chlorine 
and lower oxides of nitrogen is mixed with air and steam which regenerates the HN0 3 , 
while the chlorine remains as a gas together with nitrogen, in which form it Is quite 
capable of bleaching, forming chloride of lime, &o Besides these, Solvay and Mond’s 
methods of preparing chlorine must be mentioned. The first is based upon the reaction 
CaCl a + SiO a +O(air)« CaOSiOj + Cb, the second on the action of the oxygen of the air 
Cheated) upon MgCl a (and certain similar chlorides) MgClg <+0« MgO+Cl*. The remaining 
MgO is treated with sat-ammoniao to re-formMgCl a (MgO + 2 NH 4 CI« MgCla+H a O + 2 NH 3 ) 
and the* resultant NH 3 again converted into sal-ammoniac, so that hydrochloric acid 
Is the only substance consumed The latter processes have not yet found much appll- 
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Chlorine is a gas of a yellowish green colour, and has a very 
suffocating and characteristic odour. On lowering the temperature to 
or increasing the pressure to six atmospheres (at 0°) chlorine 
condenses 7 into a liquid which has a yellowish-green colour, a 
density of 1*3, and boils at — 34° The density and atomic weight of 
chlorine is 35*5 times greater than that of hydrogen, hence the molecule 
contains Cl 2 8 At 0° one volume of water dissolves about volume 
of chlorine, at 10° about 3 volumes, at 50° again 1| volume. 9 Such 


by a clay stopper, and Is used for the introduction of the hydrochloric acid and 

withdrawal of the residues. The chlorine disengaged passes along a leaden gas* 

conducting tube placed in the other orifice. A row of these H 

vessels is surrounded by a water-bath to ensure their being 

uniformly heated. Manganese chloride is found in the residue. V m - 7 —m V 

In Weldon's process lime is added tb the acid .solution of man- 

ganese chloride. A double decomposition takes place, resulting f \ 

in the formation of manganous hydroxide and calcium chloride. fagal::: ^aJ 

"When the insoluble manganous hydroxide has settled, a further 

excess of milk of lime is added (to make a mixture 

SMn(OH)a+CaO+a?CaCl a , whioh is found to be the best propor* 

tion, judging from experiment), and then air is forced through __ 

the mixture. The hydroxide is thus converted from a colourless prep^^^on^ of 

to a brown substance, containing peroxide, MnO^ and oxide Of chlorine on a large 

manganese, Mn 2 0 3 . This is due to the manganous oxide absorb- scaIe * 

ing oxygen from the air. Under the action of hydrochloric acid this mixture evolves 

chlorine, because of all the compounds of chlorine and manganese the chloride MnCIg 

is the only one which is stable (see Note 8). Thus one and the same mass of manganese 

may be repeatedly used for the preparation of chlorine. The same result is attained in 

other ways If manganous oxide be subjected to the action of oxides of nitrogen and air 

(Coleman's process), then manganese nitrate is formed, which at a red beat gives oxides 

of nitrogen (which are again used in the process) and manganese peroxide, which is thus 

renewed for the fresh evolution of chlorine. 


1 Davy and Faraday liquefied chlorine in 1828 by heating the crystallo-hydrate 
C1 2 8H 2 0 in a bent tube (as with NH S ), surrounded by warm water, while the other end of 
the tube was immersed in a freezing mixture. Meselan condensed chlorine in freshly-bumt 
charcoal (placed in a glass tube), which when cold absorbs an equal weight of chlorine. 
The tube was then fused up, the bent end cooled, and the charcoal heated, by which 
means the chlorine was expelled from the charcoal, and the pressure increased. 

® Judging from Ludwig's observations (1868), and from the fact that the coefficient of 
expansion of gases increases with their molecular weight (Chapter XL, Note 26, for hydrogen 
*a 0*867, carbonic anhydride = 0*878, hydrogen bromide <=0*886), it might be expected that 
the expansion of chlorine would be greater than that of air or of the gases composing it. 
V. Meyer and Langer (1885) having remarked that at 1,400° the density of chlorine (taking 
its expansion as equal to that of nitrogen) =29, consider that the molecules of chlorine 
split up and partially give molecules Cl, but ft might be maintained that the decrease in 
density observed only depends on the increase of the coefficient of expansion. 

® Investigations on the solubility of chlorine in water (the solutions evolve all their 
chlorine on boiling and passing air through them) show many different peculiarities. First 
Gay-Lussac, and subsequently Eelouze, determined that the solubility increases between 
0° and 8°—10° (from l£to 2 vols. of chlorine per lOOvols. of water at 0° up to 8 to 2f at 10°). 
In the following note we shall‘see that this is not due to the breaking-up of the hydrate at 
ebout 8° to 10°, but to its formation below 9°. Bosco© observed an increase in the solu¬ 
bility of chlorine in the presence of hydrogen—even in the dark. Berthelot determined 
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about 100° lii the laboratory the .pt$pdTution of thXoTvne ts carried on 
In flasli s, heated over a water-'bath, by acting on manganese peroxide 

and hydrochloric acid does give chlorine at a red heat, and this reaction may also take 
place at the moment of its evolution in this case. 

All the oxides of manganese (Mn 2 D 3> MnO a , M 11 O 3 , Mn 2 0 7 ), with the exception of man¬ 
ganous oxide, MnO, disengage chlorine from hydrochloric acid, because manganous 
chloride, MnCl 2 , is the only compound otchlbrine and manganese which exists as a stable 
compound, all the higher chlorides of manganese being unstable and evolving chlorine. 
Hence we here take note of two ;sepfir&te f changes: ( 1 ) an exchange between oxygen and 
chlorine, and ( 2 ) the instability of the higher chlorine compounds. As (according to the 
law of substitution) in the substitution of oxygen' -by chlorine, Cl 3 takes the place of O, 
the chlorine compounds will contain more atoms than the corresponding oxygen 
compounds. It is not surprising, therefore, that certain of the chlorine compounds 
corresponding “with oxygen compounds do not exist, or if they are formed are 
very unstable. And furthermore, an atom of chlorine is_ heavier than an atom of oxygen, 
and therefore a given element would have to retain a large mass of chlorine if in the 
higher oxides the oxygen were replaced by chlorine. For this reason equivalent com¬ 
pounds of chlorine do not exist for all oxygen compounds. Many of the former are 
rnmiediatoly.decomposed, when formed, with the evolution of chlorine. From this it is 
evident that there should exist such chlorine compounds as would evolve chlorine as 
peroxides evolve oxygen, and indeed a large number of such compounds are known. 
Amongst them may be mentioned antimony pentachloride, SbCl$, which splits up into 
chlorine ’and antimony trichloride when heated- Cupric chloride, corresponding -wifeb 
copper oxide, and having a composition CuCl* similar to CuO, when heated parts with 
half its chlorine, just as barium peroxide evolves half its oxygen. This method may 
even be taken advantage of for the preparation of chlorine and -cuprous chloride, CuCL 
The latter attracts oxygen from the atmosphere, and in so doing is converted from a- 
colourless substance into a green’compound whose composition is Ctud^O. "With 
hydrochloric acid this substance gives cupric chloride (Cu-jCLjO -f 2HC1=B^O + SCnCl^, 
which has only to be dried and heated jn order again to obtain chlorine. Thus, in solution, 
and at the ordinary temperature, the compound' CuCl 2 is stable, but when heated it- 
splits up. On this property is founded Deacon’s process for the preparation of chlorine 
from hydrochloric acid with the aid of air and copper salts, by passing a mixture of air and 
hydrochloric acid at about 440° over bricks saturated with a solution of a copper salfe 
(a mixture of solution "of CuS 0 4 and NooSO*). ChCl* is then formed by the double 
decomposition of the salt of copper end the hydrochloric add; the Capla liberates 
chlorine, and the CuCl forms C 112 CI 2 O with the oxygen of the air, which again gives CaCI*? 
with 2HC1, and so on. 

Magnesium chloride, which is obtained from sea-water, caxuallite, &c., may serve not* 
only as a means for the preparation of hydrochloric acid, but also of chlorine, because 
its basic salt (magnesium oxychloride) when heated in the air gives magnesium oxide and 
chlorine ("W"eldon-Pecbiney’s proce&s, 1888). Chlorine is now prepared on a large scale 
foy this method. Several new methods based upon this reaction have been proposed ioff 
procuring chlorine from, the bye-products of other chemical processes. Thus, Lyte and 
Tattars (1891) obtained up to 67 p.c. of chlorine from CaCls in this manner. A solu¬ 
tion of CaCLj, containing a certain amount of common salt, is evaporated and oxide of 
magnesium added to it. "When the solution attains a density of 1*2445 (at 1B°% it is 
treated with carbonic acid, which precipitates carbonate of calcium, while chloride of* 
magnesium remains in solution. After adding ammonium chloride, the solution i» 
evaporated to dryness and the double chloride of magnesium and ammonium funn ed^ 
ignited, which drives off the chloride of ammonium. The chloride of magnest® wh»S* 
remains behind is used in the Weldon-Pechiney process. The De ‘Wilde-Beycad* 
process for the manufacture of chlorine consists in passing alternate currents flCBoAMr 
and hydrochloric acid gas through a cylinder containing a mixture of the (Moods*®* 
magnesium and manganese. A certain amount of sul p ha t e of league®®® wines 
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vitli spongy platinum, or a strongly heated substance, or when subjected 
to the action of an electric spark. The explosion in this case takes place 
for exactly the same reasons— i.e. the evolution of heat and expansion of 
the resultant product—as in the case of detonating gas (Chapter III) 
Diffused light acts in the same way, but slowly, whilst direct sunlight 
causes an Explosion. 12 The hydrochloric acid gas produced by the 

by Draper, Bunsen, and Boscoe. Electric or magnesium light, or the light emitted by 
the combustion of carbpn bisulphide in nitric oxide, and actinic light in general, acts in 
the same manner as sunlight, in proportion to its intensity* At temperatures below—12? 
light no longer brings about reaction, or at all events does not give an explosion. It waa 
long supposed that chlorine that had been subjected to the action of light was afterwards 
able to act on hydrogen in the dark, but it was shown that this only takes place with 
moist chlorine, and depends on the formation of oxides of chlorine. The presence of 
foreign gases, and even of excess of chlorine or of hydrogen, very much enfeebles the 
explosion, and therefore the experiment is conducted with a detonating mixture 
prepared by the action of an electric current on a strong solution (sp. gr. 1*16) of hydro¬ 
chloric acid, in which case the water is not decomposed—that is, no oxygen becomes 
mixed with the chlorine. 

12 The quantity of chlorine and hydrogen which combine is proportional to the intensity 
Of the light—not of all the rays, but only those so-termed chemical (actinic) rays which 
produce chemical action. Hence a mixture of chlorine and hydrogen, when exposed to 
the action of light in vessels.of known capacity and surface, may be employed as.anactino- 
meter—that is, as a means for estimating the intensity of the chemical rays, the influence of 
the heat rays being previously destroyed, which may be done by passing the rays through 
Water, investigations of this kind (photo-chemical) showed that chAmical action it 
chiefly limited to the violet end of the spectrum, and that even the invisible ultra-violet 
rays produce this action. A colourless gas flame contains no chemically active rays; the 
flame coloured green by a salt of copper evinces more chemical action than the colourless 
flame, but the flame brightly coloured yellow by salts of sodium has uo more chemical 
action than that of the colourless flame. 

As the chemical action of light becomes evident in plants, photography, the bleaching 
of tissues, and the fading of colours in the sunlight, and as a means for studying the 
phenomenon is given in the reaction of chlorine on hydrogen, this subject has been the 
most fully investigated in photo-chemistry* The researches of Bunsen and Boscoe in 
the fifties and sixties are the most complete in this respect. Their actinometer contains 
hydrogen and chlorine, and is surrounded by a solution of chlorine in water. The hydro¬ 
chloric acid is absorbed as it forms, and therefore the variation in volume indicates the 
progress of the combination. As was to be expected, the action of light proved to be 
proportional to the time of exposure and intensity of the light, so that it was possible to 
conduct- detailed photometries! investigations respecting the time of day and season of 
the year, various sources of light, its absorption, &c. This subject is considered in detail 
In special works, and we only stop to mention one circumstance, that a small quantity of 
a foreign gas decreases the action of light; for example, ^ of hydrogen by 88 
yfoy of oxygen by 10 p.c., yfoj of chlorine by 60 p.c,, &c. According to the researches of 
Klimenko and Pekafcoros (1889), the photo-chemical alteration of chlorine water is 
retarded by the presence of traces of metallic chlorides, and this influence varies with 
different metals. 

As much heat is evolved in the reaction of chlorine on hydrogen, and as this 
reaction, being exothermal, may proceed by itself, the action of light is essentially the 
eame as that of heat—that is, it brings the chlorine and hydrogen into the condition 
necessary for the reaction—it, as we may say, disturbs the original equilibrium; ibis is 
the work done by the luminous energy. It seems to me that the action of light on the 
mixed gases should be understood in this sense, as P ri n g s he iro (1877) pointed out. 
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reaction of chlorine on hydrogen occupies (at the original temperature 
and pressure) a volume etpial to the sum of the original volumes , that 
is, a reaction of substitution here takes place H a + 01 a = HC1 4* HC1 
In this reaction twenty-two thousand heat units are evolved for one 
part by weight [1 gram] of hydrogen. 13 

These relations show that, the affinity of chlorine for hydrogen is 
very great and analogous to the affinity between hydrogen and oxygen. 
Thus 14 on the one hand by passing a mixture of steain and chlorine 
through a red-hot tube, or by exposing water and chlorine to the sun¬ 
light, oxygen is disengaged, whilst on the other hand, as we saw above, 
oxygen in many cases displaces chlorine from its compound with 
hydrogen, and therefore the reaction H a O + 012 = 2HCJ1 + O belongs 
tp the number of reversible reactions, and hydrogen will distribute 
itself between oxygen and chlorine. This determines the relation 
of Cl to substances containing hydrogen and its reactions in the 
presence of water, to which we shall turn our attention after 
having pointed out the relation of chlorine to other elements. 

Many metals when brought into contact with chlorine immediately 
combine with it, and form those metallic chlorides which correspond 
with hydrogen chloride and with the oxide of the metal taken. This 
combination may proceed rapidly with the evolution of heat and 
light; that is, metals are able to burn in chlorine. Thus, for example, 
sodium 16 bums in chlorine, synthesising common salt. Metals in the 
form of powders bum without the aid of heat, and become highly 
incandescent in the process ; for instance, antimony, which is a metal 
.-easily converted into a powder. 10 Even such metals as gold and 


15 In the formation of steam (from one part by weight [1 gram] of hydrogen) 39,000 heat 
Utdts are evolved. The following are the quantities of heat (thousands of units) evolved in 
the formation of various other corresponding compounds of oxygen and of chlorine (from 
Thomsen’s, and, for NaaO, BeketofFs results) 


/2Nad, 195; CaCh, 170; 

l Na. 2 0,100; CaO, 181; 

IMsC%14S; 2PC1$, 210; 

t£%Q*155i P,A,870 


HgCla. OB', 2 AgCI, 59. 

HgO, 42; Ag 3 0, 6 . 

CC1 4 ,21; 2HC1,44 (gas). 

CO* 97; H s O, 58 (gas). 


With the first four elements the formation of the chlorine compound gives the most 
heai, and with the four following the formation of the oxygon compound evolves the 
grater amount of heat. The first four chlorides are true salts formed from HC1 end the 
whilst the remainder have other properties, as is seen from the fact that they are 
mot formed, from hydrochloric acid and the oxide, but give hydrochloric acid with water. 

14 has been already pointed out in Chapter TTT., Note 5. 

® Sodium remains unaltered in perfectly dry chlorine at the -ordinary temperature, 
Mmema. w he n slightly warmed; but the combination is exceedingly violent at a red heat. 
m ^ unrfrue#re exp er im ent on combustion in chlorine may be conducted as follows! 
lesvQg of Dutch metal (used instead 6 i gold for gilding) are placed in a globe, and a 




THE HALOGENS 


46.7 

platinum, I? which do not combine directly with oxyget*. #n<J give very 
unstable compounds with it, unite directly with chlorine to form 
metallic chlorides. Either chlorine water or aqua regia may be em¬ 
ployed for this purpose instead of gaseous chlorine. These dissolve 
gold and platinum, converting them into metallic chlorides,. Aqua 
regia is a mixture of 1 part of nitric acid with 2 to 3 parts* of hydro¬ 
chloric acid. This mixture converts into soluble chlorides not only 
those metals which are acted on by hydrochloric and nitric acids, but 
also gold and platinum, which are insoluble in either acid separately* 
This action of aqua regia depends on the fact that nitric acid in afcfc* 
ing on hydrochloric acid evolves chlorine. If the chlorine evolved be 
transferred to a metal, then a fresh quantity is formed from the 
remaining acids and also combines with the metal, 18 Thus the aqua 
regia acts by virtue of the chlorine which it contains and disengages. 

The majority of non-metals also react directly on chlorine ; hot 
sulphur and phosphorus burn in it and 1 combine with it at the ordinary 
temperature. Only nitrogen, Oarbon, and oxygen do not combine 
directly with it. The chlorine compounds formed by the non-metals— 
for instance, phosphorus trichloride, PC1 3 , and Sulphurous chloride, 
&c., do not have the properties of salts, and, as we shall afterwards see 
more fully, correspond to acid anhydrides and acids; for example, P01 3 
—to phosphorous acid, P(OH) 8 

NaCl FeCl 2 Sn01 4 PC1 3 HC1 

Na(HO) Fe(HO) 3 Sn(HO) 4 P(HO) 3 fi(HO) 

gas-conducting tube furnished with a glass cock js placed in the cork closing it, and the 
air is pumped out of tlie globe. The gas-conducting tube/is then-cdnnected with a vessel 
containing chlorine, and the cock opened; the chlorine rushes in, and the metallic leaves 


are consumed. 

17 The behaviour of platinum to chlorine at a high temperature (1,400°) Cs very 
remarkable, because platinous chloride, PtCl 2 , is then formed, whilst this substance de¬ 
composes at a much lower temperature into chlorine and platinum. Hence, when 
chlorine cornea into contact with platinum at such high temperatures, it forms fumes of 
platinous chloride, and they on cboling decompose, with the liberation of platinum, so 
that the phenomenon appears to be dependent on the volatility of platinum. Deville 
proved the formation of platinous chloride by inserting a cold tube inside a red-hot one 
(as in the experiment on carbonic oxide). However, V. Meyer was-able to observe the 
density of chlorine in a platinum vessel at 1,690°, at which temperature chlorine does not 
exert this action on platinum, or at least only to an insignificant degree. 

'8 When left exposed to the air aqua regia disengages chlorine, and afterwards it no 
longer acts on gold. Gay-Lussac, in explaining the action of aqua regia, showed that 
when heated it evolves, besides chlorine, the vapours of two chloranhydrides—that of nitric 
acid, N0 a 01 (nitric acid, NO a OH, in which HO is replaced by chlorine; see Chapter oh 
Phosphorus), and that of nitrous acid, NOC1—but these do not act on gold. The 
formation of aqua regia may therefore be expressed by 4NH0 3 +8HC1=2N0 3 C1+2N0C1 
+ 0HaO+2CL. The formation of the chlorides NO a Cl and NOC1 is explained by the fact 
that the nitrio acid is deoxidised, gives the oxides NO and NQ a , and they directly combmf 
with chlorine to form the above anhydrides. 
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As the hbove-mentioned relation in composition— i.e, substitution of 
01 by the aqueous residue—exists between many chlorine compounds 
and their corresponding hydrates, and as furthermore some (acid) 
hydrates are obtained from chlorine compounds by the action of water, 
for instance, 

PC1 3 -t- 3H 2 0 = P(HO) 3 + 3HC1 

Phosphorus Phosphorous Hydrochloric* 

trichloride acid <vcid 

whilst other chlorine compounds are formed from hydroxides and 

hydrochloric acid, with the liberation of water, for example, 

NaHO -t- HC1 » Nad + H*0 

we endeavour to express this intimate connection between the hydrates 
and chlorine compounds by calling the latter Moranhydrides. In 
general terms, if the hydrate b© basic, then, 

M(HO) + HOI = MCI + H s 0 

hydrate * hydrochloric acid ** chloranhydride water 

and if the hydrate EOH be acid, then, 

It Cl + H 2 Q » R(HO) + HOI 

Chloranhydride -♦ water « hydrate + hydrochloric acid 

The chloranhydrides MCI corresponding to the bases are evidently 
metallic chlorides or salts corresponding to HC1. In this manner a 
distinct equivalency is marked between the compounds of chlorine and 
the so-called hydroxyl radicle (HO), which is also expressed in the 
analogy existing between chlorine, Cl 2 , and hydrogen peroxide, (H0) 2 . 

As regards the chloranhydrides corresponding to acids and non- 
metals, they bear but little resemblance to metallic salts. They are 
nearly all volatile, and have a powerful suffocating smell which irritates 
the eyes and respiratory organs. They react on water like many 
anhydrides of the acids, with the evolution, of heat and liberation of. 
hydrochloric acid, forming acid hydrates. For this reason they cannot 
usually be obtained from hydrates—that is, acids — by the action of 
hydrochloric acid, as in that case water would be formed together with 
them, and water decomposes them, converting them into hydrates. There 
are many intermediate chlorine compounds between true saline metallic 
chlorides like sodium chloride and true acid chloranhydrides, just as 
there are all kinds of transitions between bases and. acids. Acid 
chloranhydrides are not only obtained from chlorine and non-metals, 
but also from many lower oxides, by the aid of chlorine. Thus, for 
example, CO, NO, N0 2 , S0 2 , and other lower oxides which are 
capable of combining with oxygen may also combine with a cofre- 
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^ p * * < *&$tf \ u »■ » % nt 1 * ^ il* io,*I lip 1 h 'Mi» into hy4ft>» 

it,*) * t 1 >i * i > t ilJ *4, *. j 1 ft 11 |M 4 IU - 4| 1 •« ^ * i t*V o M, 

I hj , 4f 4 f jati. I l*.to '* At* t goo 

%< # n, 5 * I 1 * A i hh ^ *,* an* | #nliy4A'l^ it * »I4iw4 

h* 11 , 4 ’ |// V |» ii.f Itilf#f #fel| 4 o|f |0 #i pi, jl«f tM II 1 a 

f 5 , / ^ P r<f tnttr* fh l f # tfll/t | f 1 % II|Vl 4 # 11113, 

‘i 0 , -^>1 ini og a to 0 if t M t$?i« in tfm ptr^ *>f wtt«r I* 

4 III J , f)4* 1 41 ^ I ■ tin, f #<#! hi I4r## liiltg of #lwi 

Shrt ^i^rion *^*^**? t 4 f Hi# i» nil »wA % ini #nn* 
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verted into a colourless substance, but the chlorine aften 
acts on the tissue itself. Bleaching by means of chlorine thei 
requires a certain amount of technical skill in order that the chi 
should not act on the fibres themselves, but that its action shou 
limited to the colouring matter only The fibre for making wi 
paper, for instance, is bleached in this manner. The blea 
property of chlorine was discovered by Berthollet, and form 
important acquisition to the arts, because it has in the major! 
cases replaced that which before was the universal method of* bl 
ing—namely, exposure to the sun of the fabrics damped with a 
which is still employed for linens, &o. Time and great trouble 
therefore money also, have been considerably saved by this chang 
The power of chlorine for combination is intimately connected 
its capacity for substitution, because, according to the law of sub 
tioii, if chlorine combines with hydrogeii, then it also replaces hycb 
and furthermore the combination and substitution are accompljsl 
the same quantities. Therefore the atom of chlorine which con 
with the atom of hydrogen is also able to replace the atom of hyd 
We mention this property of chlorine ;not only because it illus 
the application of the law of substitution in clear and "histoi 
important examples, but more especially because reactions of thu 
explain those indirect methods of the formation of many subs- 
which we have often mentioned and to which recourse is had in 
cases in chemistry. Thus chlorine does not act on carbon, 20 03 
or nitrogen, but nevertheless its compounds with these element! 
be obtained by the indirect method of the substitution of hyc 
by chlorine. 
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<w»tiw*t»HU»hnro fc*r f* <wutn tlifi<% % krgt* mmmmiti mutt* i* ol)telft*xl # 

ainl m 14 t* t*mnw\ In ||i» cuai th«* i» m«I Inmii* 

imt^f ii»rrt nf ilpr IS iiiitf Hr** liy till* rli!iirifi» 4 f tlin 

tiydmgnit t »Mt44ti»*# *ith if, «m4 thn riftoti ii *ii #***1,** 

Ttiri <f t14* *itw *i4 t»*4n i -al'fij**, ii#*, uflp'rwt^i a,| 

Itiwrf U'»nj’« f ntui* *, i».4 wn mill u<m * ot n 1* r 

A vi ty ifaj^sfrtiit in f!*i* lii'-t* t )' t*f #li* unfit ry a 

tsy flw 41 *'**vrry * f 1 tumv* Hint liwitnif fit it rhl^tin * h 4to th |4 i«'i? 

jmi 4 » ^ fit#* hyt> Tliit *\i>, m # tj 11 itn|^rfftiiS tom ttofut th %% 

Ii* \w n» * h im Hi mlijili wit!* * un 

mtmil to#* *^fc1y nfh ! .fli f!p» h\itr* f yn .it.it i||*t nt wtllt ulurti 

lll« » 0 K J*mr4 T!i}«i ly juf’n* r<f f hat th«*r<> in n«» 

4*|»j**A|tn |- j 4 if P y h*4 n«#fi * 1* ii** nV t> n -i?*44n r» t *hi»*rmn 

ill#- h ii<4 * mill It) «!r >,*»**, to »uh». if h** *»|.j-rji*• j»r »j iti*—, hi 

iHtfJ##* ai*«l tof«4 >irf#4ii»f ii # tivlU * !*«'« I * Im 

§* utivn mn4 * hh<nim * to * rn hr^ivtw* , thU t» i,< f t!i«» t* rV"ii of 

ri fi.Mfiififf l**r lli« »^i?ip * hb tm** r««it 4 * 4 f 4 willi 

liyiln^n is p'|btrt it nlt^imu nmtiy t*f lit# 

|lf»l|^f||r^ *4 f |f»« f«»i!tj|Stf ftlll*j||*|ii«* Till# Wltspltlfiitlilli (#f fiy«l|il|f«|| 

|#y rli!«ni4« ii Ii rf**t4 llm iiwii«ii#sn nt flik i»l«fifiitl»n 

li %’«4f If H r«*tti|«ttlli4 t |*r*4» rnhly A 

j|j4pvftftf<ytt» »tnl if * !»W*sw» a* 4ir^ily it, iVn k i^r^liirr*! 

KH fti« til* fi^ lArpl f»u*\ * ii *>t|irr ItM^i n »*nnj'rnuif| 

^nlitli4u4 * l4-nt**> in |4n*'*‘ *4 fit* h *i« fli« % 14* 

itiwis i st»4f f h»< ii m 

#|sW^ «i4 *4 # it>4 f I** ti l#l^ tlm i*!#*^* i#f tli** h\ 'lr«^n 

Ililli llWfAt*4, H^us th%# l# itlii^jf i|i^^r*ft|*W||Vif l-j i|# 

rf hy<$t I'll## *4 ill# |iw.».« m m 

follow# i 

vji^x ♦ ci t • cji WM tnx 4 lid 

lif-V * mUm #14- I^s 44 I 

Or, iii gr ? K#»l farm**" 

mu 4 v\ f m tun 4 tm 

«mill!lfffl* mill*!'? »litrll ilinl#Ip|%«A fjfckr* | 4 nrr^ ar« filial f# Tf 
I«i tli« pJil»ifln« tUtm fi«i iiiii^Ilj nxtt nil li|4rf^»n tmna* 

» mv i*» $ i m* II? #* |t» « I ** » «l« t » ,g^ $ «»ll# ll#* lli*l 

|| |h»#!i4 Vm ^<##1*44* whUih «■* ii 4 *14# I»m 4., It iJ4^-t»»»**» *n*l 

*1« Mgl# iMfuiwfAlww, il» ttiwm «# wiA to my& to 

Ifc* k]NlfMV«^ 

• ffcl# Jill## a *4 M* ftm It*!’" I*?« | tfy i a f4tj *1 to t4#f* Inn* t*# |a|r«»« *♦ # *to# 
#t l|»# « I +4«* 4»» rt> l4l* £%**&*>% %t*«# ll»#li#till''i l#w # til# 

4 »!%,### 4 Hi4» iul«nlMi^| 

til4f4|f^ #*o| to mmUm# witli» 
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•ttbjootad to a further metabpeioi4 »utotitution-~the second atom of 
hydrogen may to autotitutod by chlorine, and a liquid substance, 
Cff,i1 a » called methylene chloride, will to obtained. In the game 
intutuor the nub dilution may lm carried on still further, and CHC1*, 
or chUinoform, and tidily mrkm tetrachloride, 0(J1 4 , will lm produced. 
Of the W maMmiccs the tirnt known b chloroform, owing to its being 
fortm*l front many nrgattta mlntmwm (by tho action of bleaching 
piwtlt r) anti to its tolng u»ed in itmdiciuu m an aniosthotic j chloroform 
Ian 1-4 lit I*'! wiiil carton tetrachloride at 7H \ They am both colourless 
otlonfcroti'* liquids, lnm\irr than water. The progressive substitution 
«f hydrogen by rhlmhm h thus evident, and It can be clearly seen that 
tiiii douhlo tlivo!ii|ioiiitinii» arc accomplished tot ween molecular quanti* 
tiff* of tho »til«bisir« that in, totwrcti equal volumes in a gaseous state. 

fWftwi» frit ii*/ilwrlifr, which is ohtaiutHl by the metalopHk of marsh 
gas, cannot ho obtained directly from chlorine and carton, but it may bo 
obtained front iwtulii wttt|aattnk of carbon - for instance, from carbon 
lrt%itl|»lttile if its vapour ittkod with chlorine to passed through a 
rod hot twins Until the sulphur and carbon then combine with the 
chlorine, It In evident that by ultimate ttieialepsis a corresponding 
carbon eh!«*ridtt may lm obtained from any hydrocarbon*^ indeed, the 
niitiilw of chloride?* til carton <**<✓!** alroady known is very large. 

As a rule, the fundamental chemical diameters of hydrocarbons are 
tint changed hy ttmtahtpMbt ; that hi, if a neutral imtoiunee to taken, then, 
the product of hi also a neutral substance, or If an acid be 

taken tin! ft ft id ti tit of met*lep»**i also l»i add properties. Even the 
cryttoSlittit term not unfroquently remains unaltered after metatapsis. 
The of arotfe add, CM B *CQQ% k historically tho most 

lutpoitant It mmUim throe of tto atoms of tto hydrogen of marsh 
#as, tho fourth tedug replaced hy eurtoxyl, and therefore hy the action 
fit chlorine it gives three products of umtulopitl* (aoc*>rdlng to the amount 
of tho chlorine »twl condition* under which the amotion takes place), 
iwmo , *11,, and td vhkmmxte mhh OH./IPCCXlH, OHOl 3 *OOOH, and 
CtOla CTHdl; they art all, like auntie mud, monobasic. The resulting 
product* mt m*?talv§i*iit, In tamtalniug an clement which m easily acts 
m% mctalit m chlorine, jmwm the possibility of attaining a further com- 
|il#ilty of itmtoubw it? which the original hydmmrton h often in no 
way cafsible. Thus m trouting with an alkali (or first with a salt and 
ftota with an alkali, or with a litwin oxide and water, Ac.) the chlorine 
forma m mil with its metal, and the Ityilroxyi radicle takes the placs# of 
tto chloritto^-ter example, CIII^OII Is obtaliutd from OM$OL By the 
action of metallic «ltsri»tiw» of hydnam-rliows -for example, OH s Na»— 
Hn glm a atilt awl tha hy dbrootiboa butane 
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CMp, <*r *J0,» niAf U* r^|4iM‘fil t»y rhlnHtm nm! g|v t1 |4»tamhmi 

iijl i *f tilifi |IN * J'*4 f |* \ * »h IHMJ h) | «*« tl!nf|?4< # I Vft/L/ ) i# mill ttl§1 IM> fillip 

ehl«<? i4« i **t s’, % < ‘s, l'i*ri 3 *t» hi) 11 iii rniit|KiwtkiO 

tlm • .une iuj in im- mi* '*f iMii, <>fl in um?;>!» hut the wtinln fitretl&fliaiB 
of ft*’ t* m * ' u i% * 1 m 1 ll»i* nl^i H%u nh nn * of rhlorifift net * 

t *.11 h » fnlu *» fh- | am « »*f th* I mU*> r * n ^ bth.t t hn **!h«r is tv^lvn! nrl 

ii n !f 1 ' hi* -i m ;■ i, < ’ 1 *,< *'t t L i-i i-i< i * M*' i bn liy In n h!« ij !,• , it j,i 1 \ « *H * tl 

ft JAM • < •! f ? J M nJ I 4 “ 1 * 4 * "f 3 in J !'* .* MiM > 1 | .imL-sIha' 

ft t*Aiis «"i f!sM l 1 *!., 4 f» i|i- fu’ii .u «<f *.»t 4 *M 4 ip 

| w,v;b, *h 1 m u -mi • i* 1 i, 1 * 4 n* n- « 4 n fun*ilirr fjtinntitY of mm tie 

|mt 4 J| lift I fe'M‘ •* jM.f .**»',i'jnt I */• U In Wtifnfj It list ffjrptlWr lint only 

Eli** 1 nn j mv*. »*n Aim Kiln f. iin n ; ii .* m% 

fifpt tim limit ft hi t?L .I'.i'ji )»' > tn J is m i ^ ill I n 

•j I! |U f K < *1 4 Ill'll \V* mil h*-jv tlt^nnLs n^rlnm i.| iul 

Ciymt. 

Tin arlsHi i,4 eh ion tie »»« nininoiiiA way either result in the r?it»r» 

tir#ilkil»|| Iff* Ilf Il*r, lilifliiftlim, »"lll» l!l« f»% f «|f|tief| Ilf gl.*-iri|4I llifftigiitt,, 

or in a |»r**lti« 1 «4 rh*i<Urjtt>i« {m with Vll 4 y, With uti ®nmm #1 

met tiin tn4 nf |w>iii ili« #tiieifiinii |s wllli tli* 

»4 frw m Tlik «%4cl«mtly rmutiM 

In til*- fr*fiiiAlii4i tif saiit II f 4> *ll*I f t**Vl! # <!I -f. Nf. 

llul if tli^ mmmmmm mil m <iirr««, then tlm rrnef inn tmln tli#i 
tif llin rf5|t.I«rr4iiPiil «*f the liyflrr^rsi in thr nmnumin hy t*hl*»rifW^ 
Tlln |.«fl!n«,4|"4%l iMiiiilt |a fha? N Ii t i 41*1, fWlna Ni*J s I 3lICl«*^ 

m % I**.a tm»f Iap Imh&t* *-t 4#i l!i*» **1 II ft l«fi« 

iff *pl 4 it-fan* «»|r.| !;.*> |« ^ *»l * *tt»*4# «.»| it 

W llii.14, *!$»# #♦ II * ilitol# «:4#W«fl 

1*1 llwi i 8 -> *4 «lw.t fi *4 wltti llftl VSiSIKN* iff Ills 

#y. fiw 1*^*1%* «*«»s44#it4»fi |if|**«4*|srf4|« it hmtml If iffkiii t«§ 

« fti** 4i»v* ft ttw fiftii4#»f» <4 tls» hwmtfm 

<4 #T.lli^-f|*l3 1* 1*1 lli‘» *4 ligiii mm! it'® «| f ♦*#*#!**» *4 it dMi 4 suf* 

*ii4fIn «4I Wi*»e *n «•«-*«• *4 ti# |*f«t*itt, 

** Tiro ||y-*lf*,;r-1 »|ji;’. f s«t •r ii! *iili ftlftl tlS»ipP«»lt 

I# I* » 1^®?:# ilw* tmamh «ni»r inn. Hi* 

I"**! Ili# fmrAtew t*t tmn&ilf tmlf tmkm 14»«» »illi p#» ff 

ililfliMil# r-f |?e i 4i II I .4! .« * f « M* * if l« j«»*sr4 a Haw lwt»« lfil» » «?♦*•! 

Itiil«l4# g.i*m %*» m% v*i>h*»i*w If* h**w#w» 

ltil#i ft »4ill*-* Is i.-f flip p»rf|«i|4 «i Sfwl **l**S§ 

%km I n f f<4n##«* nf *n #mm< »*# III** lilnrtm 

fist m%$h «m4 mi- w t*nt * t»# f*#r^ Ifi^ twliMi MwwMNi 

t^# I. h^4j-. 44 «f if 1‘fir ifrf. tMi m f4 i$ih>nm m m dP 

ftftl nS« a" i* t»f#« f Olftlt rsurts «» 

jHMiiwtift iin##; rn f l $ 4 1 Tlfftfdiwft, » Img ## Mm llq«iMI I# sHm 

||#» ff*,«#*i fit# fmmmm mi mmmmmm If** #f*»f %III f#i tmti Imt 

Illt 4 ct t ld#~ HClf ♦ tjft'l $t «iffi ii *f*l«l*x miuU*w tifwimmfa f» Mm 

4 #«f i*m tif tli.« ftfhttft? lift* a#l4 fe»f Mn» 

frf wiOftfh f**t mik ft »d fe|#i«lihiWw uMil H tdNs Ml# il'ittfMflll 
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CM! «j0 t or Ca(OII).j, may be replaced by chlorine end give potassium 
hypochlorite, KCH >, calcium hypochlorite, OaCl s 0 *, and the so-called 
chloride of nitrogen, N(J 1 3 . For not only is the correlation in composition 
tlio mmrn ««§ in the Hub»titution In marsh gas, but the whole mechanism 
lit the reaction is the same. Hero also two atoms of chlorine act? 
oiui take* the place of the hydrogen whilst the other is evolved as 
Iiydrochlorio acid, only in the former case the hydrt>chloric acid evolved 
remained free, and in the latter, in presence of alkaline substances, 
ft reacts on them. Thus, In the action of chlorine on caustic 
potash, the hydrochloric iwid formed acts on another quantity of caustic 
potash and given potassium chloride and water, and therefore not only 
KliO + Cl, « 1101 + imi\ but also KMC) + HC1 «H*0 + KOI, 
and the result of l«>th rixmiKuncous phases will be 2KHO 4* Cl 2 
«a !I |0 + ICH 4* KCHu. Wo will here discuss certain special 

Hit* iitiit.il nf chlorine cm ammonia may cither result in the entire 
breaking uj* of the ammonia, with the evolution of gaseous nitrogen, 
or in a product of nmtolopitia (as with Cll 4 ), With an excess of 
^Mmkm and the md of heat the ammonia k decomposed, with the 

di**n#Afprtft<mt of 1m i nitrogen.** Thi* ruction evidently results 
In the formation of Mil ammoniac, 8 NH t 4 * SCI* «* 6NH 4 C1 4 * 
lint if tli«» ammonium milt Ins in exeats, then the reaction takes the 
ciirwUon of the replacement, of the hydrogen in the ammonia by chlorine* 
The jifitH'ipfd result in that. NIi f 4 iKH a forms NCI* 4 s Slid . 19 
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The resulting product of metalepsis, or chloride of nitrogen , NC1 S> 
discovered by Dulong, is a liquid having the property of decomposing 
with excessive ease not only when heated, but even under the action 
of mechanical influences, as by a blow or by contact with certain solid 
substances. The explosion which accompanies the decomposition is due 
to the fact that the liquid chloride of nitrogen gives gaseous products, 
nitrogen and chlorine. 29 bl3 

(probably by virtue of the affinity of hydrochloric acid for ammonia). Therefore there 
must exist a very interesting case of equilibrium between ammonia, hydroohloric acid, 
chlorine, water, and chloride of nitrogen which has not yet been investigated. The re¬ 
action NC1 5 +4HC1=NH 4 CI+3C1 2 enabled Deville and Hautefeuille to determine the 
composition of chloride of nitrogen, When slowly decomposed by water, chloride of 
nitrogen gives, like af chloranhydride, nitrous acid or its anhydride, 2 N CI 3 + 8 BLjO 
® N 2 O s + 6 HCL Prom these observations it is evident that chloride of nitrogen presents, 
great chemical interest, which is strengthened by its analogy with trichloride of phos¬ 
phorus. The researches of P. P. Selivanoff (1891-94) prove that NCI 5 may be regarded 
as an ammonium derivative of hypochlorous acid. Chloride of nitrogen is decomposed by 
dilute sulphuric acid in the following manner: NC1 3 + 3H 2 0+H 2 S0 4 => NH 4 HSO 4 +8HC10. 
This reaction is reversible and is only complete when some substance, combining with 
HCIO (for instance, snooinumde) or decomposing it, is added to the liquid. This is 
easily understood from the fact that hypochlorous acid itself, HCIO, may, according to 
the view held in this book, be regarded as the produot of the metalepsis of water, and 
consequently bears the same relation to NC1 3 as H 2 0 does to NH 3 , or as RHO to 
RNH 2 , RoNH, and R 3 N—that is to say, NC1 5 corresponds as an ammonium derivative to 
ClOH and CI 2 in exactly the same manner as NR 3 corresponds to ROH and R 2 . The 
connection of NC1 3 and other similar explosive chloro-uitrogen compounds (called 
chloryl compounds by Selivanoff; for example, the C-jHaNC^ of Wurtz is ohloryl ethyl- 
amine), such as.NRCl 2 (as NC-jHaCLj), and NRjCl (for instance, N(CH 3 CO)HCl, ohloryl- 
acetamide, and N(0 2 H 5 ) 2 C1, chloryl diethylamine) with HCIO is evident from the fact 
that under certain circumstances these compounds give hypochlorous acid, with water, for 
instance, NILCl +. H 2 0=NR 2 H+HCIO, and frequently act (like NCI 5 and HCIO, or Cl 2 ) 
in an oxidising and chloridising manner. We may take chloryl succinimide, CqH^CO^NC l 
for example. It was obtained by Bender by the action of HOIO upon succinimide, 
C 2 H 4 (CO) 2 NH' l and is decomposed by water with the re-formation of amide and HCIO 
(the reaction is reversible). Selivanoff obtained, investigated, and classified many of 
the compounds NR 2 C1 and NRCL*, where R is a residue of organio acids or .alcohols, and 
showed their distinction from the chloranhydrides, and thus supplemented the history of 
chloride of nitrogen, which is the simplest of the amides containing chlorine, NR 3 , where 
R is fully substituted by chlorine. 

29 bls In preparing NC1 S every precaution must be used to guard against an explosion, 
and care sfcoulct be taken that the NC1 3 remains under a layer of water. Whenever an 
ammoniacsl substance comes into contact with chlorine great care must be taken, 
because it may be a case of the formation of such products and a very dangerous explosion 
may ensue. The liquid product of the metalepsis of arnmnnifl, may be most safely pre¬ 
pared in the form of small drops by the.action of a galvanic current on a slightly warm 
solution of sal-ammoniac 5 chlorine is then evolved at the positive pole, and this chlorine 
acting on the ammonia gradually forms the product of metalepsis which floats on tho 
surface of the liquid (being carried up by the gas), and if a layer of turpentine be 
poured on to it these small drops, on coming into contact with the turpentine, give feeble 
explosions, which are in no way dangerous owing to the small mass of the substance 
formed,. Drops of chloride of nitrogen may with great caution be collected fo* 
investigation in the following mann er. The neck of a funnel is immersed in a basin con- 
tngpmg mercury, and first a saturated eolation of common salt is poured int o .t he funnel. 
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Chloride of nitrogen in a yellow oily liquid of up, gr* 1*65, which 
Mis lit 71°, and breaks up into N + Ql $ at 97°. The contact of 

phosphorus, turpentine, india-rubber, dec. causes an explosion* which 
in sometimes m violent that a small drop will pierce through a thick 
board. The great ease with which chloride of nitrogen decomposes ft 
dependent upon the fact that it ii formed with an absorption of heat* 
which it evolves when deeompoHed* to the amount of about 38.000 heat 
writ* for NC1 3 , m Deville and HautefeuHIe determined. 

Chlorine, when absorbed by a solution of caustic soda (and also of 
other alkali) at the ordinary temperature, causes the replacement of 
the hydrogen In the caustic soda by the chlorine, with the formation 
of sodium chloride by the hydrochloric field, so that the motion 
may Im represented in two phases, as described above. In this 
manner, medium hypochlorite, NaCK>, and sodium chloride are simub 
t&tioously formed: 2NaII( > + Cl a « Nad -f NaCK) 4* 11./). The 
resultant solution contains NaCK) and is termed 4 eau de Javello. An 
exactly similar inaction takes place when chlorine Is passed over dry 
hydrate of lime at the ordinary temperature i 2Ca(HO) a + 2C1| 
«»tM‘1 a O f + CM31 S 4- ill /I A mixture of the product of metalepsia 
with calcium chloride is obtained. This mixture k employed in practice 
on a large scale, and I® termed 4 bleaching powder, owing to Its acting, 
especially when mixed with muds, m a bleaching agent on tissues, so 
that ii rtmeiiilife chlorine in this respect. It Is however preferable 
to chlorine, tiecfiuso the dextructivo action of the chlorine can be 
iiMKleriiteil lii fchfa eam% awl Immune it ii much more convenient to deal 
with a wiki substance than with gaseous chlorine. Bleaching powder 
fa also called M*rMx$ qf ftw, becauee It Is obtained from chlorine 
and hydrate of Hints and contains 10 both these substances. It 

am! w a » »ttit!c>t* in m u fmrts a# water. Chtodns i» tUba staty 

piMiMtl ilirmigli tlw» wIipii 4m\m of shlokid* of eitefsa (oil late tbs tftll 

water. 

m Qtiteklimt** <2*0 (c*r etamm e*urtmnftte # Cft€0|),t!oM not ftbserb chlorine vthm cold, 
SUrt *t a t»4 tiimUsi ft mttvnt <4 chlorine, ti farm* roMum chlnrUle, with Ihn ovoluMoo 
<©f itxytfmi* fllili w*» mmUrmutt in Ht#§ hy Oxford.) This roftoilou cerwipomls 

with thw iif i Uterine m« molbftue, tunttumift, and water. Blftkod him 

(rateium hyttrmi*!*, {\H t i\\ when 4ty, dwB nut ftteuuh chlorUt* ft! lW’‘. Tim 
aWrplntii »i ihw «>riltUAry temjwmluift (hth«w 40"). Tlwi dry bumm than oh* 

Iftiiim! * » >i$lt44iw «i»>t W* llutn U»rn/» nittivafoitl* *»f tfttemtn hyilrrmute tei four ^ttlvftkuls 
«if **HI *0«»% *** tlittt tu ii fa *11 ^mhfthUlly a simjto shsorp* 

tl#» i*f rlihu'lim by fh«t liiiii* *t first UMm f4i#it iti this Stem, m stay b» mm tmm Its fast 
41 . 1.1 »»*•»« rwrtetilit *t*bv«tinii»,*hffn acting «tbs dryaiftSi cSitefadl m Abe?#, diftsogAsss 
all tli» i lilMtiiin ftriim il, h’ftvitig t»t*ly r*teltnn list II bfaftfthisg pvrdliNbs 

by * mni mclhiA, *»r if il tw In water fill whkh It Ii v«iy i£lldds),Mk4 

sterbmin ftiihiilfiift 1 1* pmMml ink* it, tbini (hlwiiiM* Ii t»o l»ng«f dumssafsa, bet ^Mss 
ssidft, (U/htetd wily half wf ll» rSil«rln« Ii ismvrrtml into Ibis uxkta, whlfa tbs ollNSrhalf 
fiiiiiikliii In tbs w dldorWa Wmm this II an^f ba 
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€TI 3 —takes the place of the chlorine In thk er in a tdifdkr numj^r, 

011**011*, or C.jHr; in obtained from Ol I t H and (‘,,1 Ud'l I ? fm m < '„! 
Tins products of metulepms nko often mu*t «at ummnum, funning hydro¬ 
chloric acid (and thence K!i,Oi) titul mi tittkk ; that 1% thv product of 
tuotalopsis, with the ammonia radicle NI i Ac. in the pkce of chkriue. 
Thus by mmm of Eietiil«|»ienl iudmiituU»m method# witf found in 
chemistry for an artificial awl genera! *ne»n« of the formation of cone 
pi ax carbon compounds from more simple ci<mg*)Uhda which a re often 
totally incagstble of direct reaction, I kittles which, thin k «y «»| 
the doors of that turret edifice of complex organic cningnmoda into 
which man had up to then feared to miter, supposing th«» hydroenrkm 
elements to ho united only tinder the influence of those mystie forcea 
acting in organisms. 245 

It is wot only hydrocarbons which are subject to inetiUepk«. 
Certain other hydrogen ©ontpoumift, under the action of chlorine, «%!««> 
give corresponding chlorine derivatives in exactly tiie anittn manner , 
for instance, ammonia, caustic gioteuih, caustic lima, and a wticilw aeries 
of alkalim suliHtanct'S.* 7 In foot, just as the hydrogen In marsh gmi 
mn bo rcijplfMvd by chlorine and form methyl chloride, so flip hydrogen 
In caustic jxit&sh, KHO, atuinouta, NII a# aik) calcium hydroxide, 

m With tbs prsdmnimuMss of Hi# «tf (vwtpMtut*! (tfcl* 

data* from LavufoW owl in 44||*iita rlwmfelryt it wm a v#ty nap*'tom! 

moinMit la It* history whnn it twtmtwt t« piffi m fos^M mb* tl»» stownw* * I 

ttm MAteltit ikittitelttii, It ws* cWar* f»*r ftttsbMMw, Unit Ptliyh i%!t s » * t th* m4w!* «# 
eonuittm atoohol, OdVOJl, pus##*, wltti^ut clwitgiitg, mm n imtnkr»f 
but it* roktitm to the*itU Rttnj»W Ityttri* Arbeit a «#%« nut* n si, *4»*l *-* • itj w .1 ft > *n <,»• n 
Of W’lewe hi the 4 foili»•«" mini Mift»»*«.* ILu > 14 : i-Miunr ( J »?t»U b ' J >t ,H 1 ? — < ‘gf „ it 
W&» hu»k«l on omtduim^ th»» wnnn othyl, jimjI m h)4n4»% i Il s -i'il 5 ll^ 

<Ntinii(U>r«Hl m imielmg m »nt>ihsu»r. *4«iami*4 fr«« nn>%h%l a i lie'll,, ~i‘ Ji*. itr»m 

it, it wi*» n lunitkmi n» n tlwn^tifp of uipfliyl file »« 4 a.'ou>t**j «uih 

ethyl Uytlvitl«», Hy tut'tuin of tin* protktti* of titr't*!ep»t« It |?«'i»»r-4 |!ia! tlua |» i»*»f m 

mm of Ittomwmiu but <»f »trirl Wontitf, m»t It imr&wm «4mm tli*i #iliy| » 

l»«thykt#cl methyl, C|II 4 »ClI|ril*, In *t» littw m »t4l! liii|«i«4* m%* gi^mn lt| 

ths rtttiy of tl»» metlomi of ytumnrhlurspvtk urnt, 1 * 11 , 1*1 rt'Hili, * # <*o<{‘U # t4)tnltt 
Ita^0iil t s4 tlsUi rhlwfisi®, !»!§» tl»» 44il«»fiiio of rhiofAitbyihotd* l*-f 

m#^fl Alttfltoi CIIA *** <*tih^phh», C‘|!f*tT—* f» mp»bi» t«f ; ftjw 

Mtet OH^OMK^lth ^ a Vtl, •« tMmnmh Iff%fiit s *fii 

it tlirt ths OH fit Ht* $mmp eiljwiti vwt^i life* il«e„ m •*** » 

b«c«a« «tor* Itemim* ^ it wss nmmmy m mmmm tb» u*h«u* rnmmmhm by 
AttAlynliif team tit# f* 4 i*t «l vkw*if tli« lmn 4 nm 4 m^Mm nmt mfertii*, 

Wli«et tite (mmsI dnetrlns #»f tin* Strucftsm t4 tim csftwst mmnfnmmlm iMm 

niU Note 41*1 

^ By teelwlttiff many rn&smm nf tlw artirm «f rWnmw «ni#f w#> 

wily sxpkia th# Imtl^t ftiwrtha uf *n4 0,I> fey ^ *t«i 
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€aH 2 0 2 or Ca(OH) 2 , may be replaced by chlorine and give potassium 
hypochlorite, KCIO, calcium hypochlorite, CaCl 2 0 4 , and the so-called 
chloride of nitrogen, NC1 3 . For not only is the correlation in composition 
the same as in the substitution in marsh gas, but the -whole mechanism 
of the reaction is the same. Here also two atoms of chlorine act r 
one takes the place of the hydrogen whilst the other is evolved as 
hydrochloric acid, only in the former case the hydrochloric acid evolved 
remained free, and in the latter, in presence of alkaline substances, 
it reacts on them. Thus, in the action of chlorine on caustic 
potash, the hydrochloric acid formed acts on another quantity of caustic 
potash and gives potassium chloride and water, and therefore not only 
KHO + Cl 2 = HOI + KCIO, but also KHO 4 HC1 = H 2 0 + KCI, 
and the result of both simultaneous phases will be 2KHO + Cl 2 
= H a O 4 KOI 4* KCIO. We will here discuss certain special 
cases. 

The action of chlorine on ammonia may either result in the entire 
breaking up of the ammonia, with the evolution of gaseous nitrogen, 
or in a product of metalepsis (as with CH 4 ). With an excess of 
chlorine and the aid of heat the ammonia is decomposed, with the 
disengagement of free nitrogen. 28 This reaction evidently results 
in the formation of sal-ammoniac, 8NH a 4 SC1 2 = 6NH 4 C1 + N 2 „ 
But if the ammonium salt be in excess, then the reaction takes the 
direction of the replacement of the hydrogen in the ammonia by chlorine. 
The principal result is that 4- 3C1 2 forms NCl d 4- 3HC1. 29 

28 This may be taken advantage of in the preparation of nitrogen. If a large excess 
Jof chlorine water be poured into a beaker, and a small quantity of a solution of ammonia 
be added, then, after shaking, nitrogen is evolved. If chlorine act on a dilute solution 
of ammonia, the volume of nitrogen does not correspond with the volume of the 
chlorine taken, because ammonium hypochlorite is formed. If ammonia gas be passed 
through a fine orifice into a vessel containing chlorine, the reaction of the formation 
of nitrogen is accompanied by the emission of light and the appearance of a cloud of sal- 
ammoniac. In all these instances an excess of chlorine must be present. 

29 The hydrochloric acid formed combines with, ammonia, and therefore the final result 
is 4NH 5 +BClg * NCl 5 + 8 NH 4 CI. Eor this reason, more ammonia must enter into tho 
reaction, but the metalepsioal reaction in reality only takqs place with on excess of 
ammonia or its salt. If bubbles of chlorine be passed through a fine tube into a vessel 
containing ammonia gas, each bubble gives rise to on explosion. If, however, 
chlorine be passed into a solution of ammonia, the reaction at first brings about 
the formation of nitrogen, because chloride of nitrogen acts on ammonia like chlorine. 
But when sal-ammoniac has begun to form, then the reaction directs itself toward® 
the -formation of chloride of nitrogen. The first action of chlorine cm a solution of 
sal-ammoniac always causes the formation of chloride of nitrogen, which then reacts on 
ammonia thus: NC1 3 +4NH a =Ng+ 8 NH 4 CI. Therefore, so long as the liquid Is alka¬ 
line from the presence of ammonia the chief product will be nitrogen. The reaction 
NH 4 CI+ 8 CI 2 =NCI 5 + 4 HCI is reversible; with a dilute solution it proceeds in the above- 
described direction (perhaps owing to the affinity of the hydrochloric acid for the excess 
of water), but with-a strong solution of hydrochloric odd it takes the opposite dheCtton 
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may be prepared in the laboratory by passing a ctirrent of chlorine 
through a cold mixture of water and lime (milk of lime). The mixture 
must be kept cold, as otherwise 30a(C10) 2 passes into 2CaCl a 
-f Ca(CI0 3 ) 2 . In the manufacture of bleaching powder in large 
quantities at chemical works, the purest possible slaked lime is taken 
and laid in a thin layer in large flat chambers, M (whose walls are 
made of Yorkshire flags or tarred wood, on which chlorine has no 
action), and into which chlorine gas is introduced by lead tubes. The 
distribution of the plant is shown in the annexed drawing (fig. 67). 



Pxo. 67.—Apparatus for the manufacture of bleaching ponder (on a small scale) by the action of 
chlorine, which is generated in the vessels 0,m lime; which la-charged into M. 


The products of the metalepsis of alkaline hydrates, K&CIO and 
Ca(C10) 2x which are present in solutions of * Javelle salt ’ and bleaching 

chloride is formed by the action of water on bleaching powder, and this is proved to be 
the case by the fact that small quantities of water extract a considerable amount of 
calcium chloride from bleaching powder. If a large quantity of water act on bleaching 
powder an excess of calcium hydroxide remains, a portion of which is not subjected to 
change. The action of the water may b© expressed by the following formulae: From the 
dry mass CajfHOJgC^ there is formed lime, Ca(HO) 2 , calcium chloride, CaCIa, and a 
saline substance, Ca(C10) 3 . Ca 5 H 6 0 <jCl 4 =CaH 2 0 2 + CaC^C^+CaCl* 4 - 2 H a O. The re¬ 
sulting substances are not equally soluble; water first extracts the calcium chloride^ 
which is the most soluble, then the compound Ca(C10 ) 2 and ultimately calcium hydroxide 
is left. A mixture of oaJoxum chloride and hypochlorite passes into solution. On evapo- 
ration there remains C& 2 O 2 CI 48 H 2 O. The dry bleaching powder does not absorb more 
chlorine, but the solution is able to absorb it in considerable quantity. If the liquid be 
boiled-, a considerable amount of ohlorinp monoxide is evolved. After this 
chloride alone remains in solution, and the decomposition may be expressed as follow's-J 
C&Clg +•CaCL, 0 3 3CaClg+ SdgO. Chlorine monoxide may be prepared in 
manner. 
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powder (they are not obtained froo from metallic chlorides), must bo 
counted as wills, because their mctala uro capable of substitution. But 
the hydrate IlC’Hi corresponding with these salt**, or hypoMorom 
«ciW, hi not obtained in a free or pure state, for two reasons; in tho 
first place, Ikh’iiubo this hydrate, an a very feeble acid, splits up (like 
fl/JO, or UNO,,) into wafcer and the anhydride, or chlorine mxmoxidc. 
Cl/y « 21I01O — If/.) ; and, in the second place, lK.mu.se, in a number 
of instances, it evolves oxygen with great facility, forming hydrochloric 
acid : If 01 »f (). Both hypochlorous acid and chlorine 

monoxide may lie regarded as produots of the metalepak of water, 
becimsf} HOli corresponds with CIO If and 010CL Hence in many 
Ini,timers bleaching salts (a mixture of hypochlorites and chlorides) 
break up, with the ('volution of (I) chlorine, under the action of an 
excess of n powerful arid capable of evolving hydrochloric acid from 
sodium or calcium chlorides, and this takes place most simply under 
the art ion of hy dr* ‘chloric acid itself, because (p, 402) NaCl 4 - NaOlO 
•4 III HI = 2 N id II -P HOI -t* €Lj -f II./); (2) oxygm, as we tow In 
Chapter 111. The bleaching properties and, in general, omdmng action 
of bleaching nails is bated on this evolution of oxygen (or chlorine); 
oxygen m also disengaged on heating the dry salt®—for Instance, 
NaCl 4* NnOlo k= 3 2Nad 4» <> ; (3) and, lastly, chlorine monoxide, 
which contains U»th chlorine and oxygen. Thus, if a Httlo sulphuric, 
mine, or similar acid (not enough to lilwrato hydrochloric acid 
1‘totu the C'aiTj) lie added to a solution of a bleaching Halt (which 
turn $m alkaline mwtion, owing either to an esuwi of alkali or 
to fliii fitclile acid iimpcrtiiw of IICIO), thou the Ity|iorhIorcmi acid «ot 
fret? given water and eldorine monoxide. If mrlHmio anhydride (or 
Immcic or a nimilar very focihle acid) act on the notation of m bleaching 
unit, then hydrochloric acid in not evolved from the sodium or calcium 
cliloriden, but the hypncldomus acid in displaced and givc» chlorine 
ituufioritby 11 Imh’h unit Ityporlilorotiw acid hi one of the most feeble acids. 
Atmther met lad for the preparation of chlorine monoxide is based 
on tlterie fertile acid preprt urn of hyp<K:htarout» acid. Zinc oxide and 
niwreury oxide, under the action of chlorine in the presence of water, 
tin not give a salt of liy|M«dilormin acid, hut form a chloride and 
hyi#«ddmtm« acid, which fact ahown tho Iticmjmoity of iliii mid to 
j*\,t iliii* w&wm (I ** tuwmmry ilwil in itw nitetiof likiMilitiig |*wd#rth®cshlorla# 

l« n«m fiHin l*yttr<HnJd**«o »M, wi«t Pfm ii m thm front enleimsi ehkdd®. Aa 
• *,>«>», ut v-Mor »»♦#», w iicl'wg *>« ft »«illtwili lit bfaftchlllg piwtlw, may h 1«M9 fit® 

r*li mm fiirU.iwile aim* glvw riibriuc tnofmxhUt »«il«r tfe# Mtokte of 
4*14* 'X\m rw4t<>2i nmf Ini itp.itglil iitwiul by tnmliwg firwhty p»iiipit*iii Mlflfon 
sttfli a at rhlfrtuff l« water: SC’b t CJiiCOg**(tOf 4 + GlyO* F»8i 

llii* wm i«»> «ii»i4w*lw il»i» cwbtiiiii MthydrSln dtepimw hypcchtansaa isfiy 

4 fkl# # II nmi \m 4 lwlf <U*yim<d liy mi vstem at U-m UMm* 
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combine with the bases mentioned. Therefore, if such oxides as those of 
zinc or mercury be shaken up in water, and chlorine be passed through 
the turbid liquid, 32 a reaction occurs which may be expressed in* the 
following manner • 2HgO + 2C1 2 = Hg 2 OCl 2 -f C1 2 0. In this case, a 
compound of mercury oxide with mercury chloride, or the so-called 
mercury oxychloride, is obtained : Hg 2 OCl 2 = HgO -f HgCl 2 . This is 
insoluble in water, and is not affected by hypochlorous anhydride, so 
that the solution will contain hypochlorous acid only, but the greater 
.part of it splits up into the anhydride and water. 32 bis 

Chlorine monoxide, which corresponds to bleaching and hypo¬ 
chlorous salts, containing as it does the two elements oxygen and 
chlorine, forms a characteristic example of a compound of elements 
which, in the majority of cases, act chemically in an analogous manner. 
Chlorine monoxide, as prepared from an aqueous solution by the 
abstraction of water or by the action of dry chlorine on cold mercury 
oxide, is, at the ordinary temperature, a gas or vapour which con¬ 
denses into a red liquid boiling at 4* 20° and giving a vapour whose 
density (43 referred to hydrogen) shows that 2 vols. of chlorine and 
1 vol. of oxygen give 2 vols. of chlorine monoxide. In an anhydrous 
form the gas or liquid easily explodes, splitting up into chlorine and 
oxygen. This explosiveness is determined by the fact that heat is 
evolved in the decomposition to the amount of about 15,000 heat units 
for C1 2 0. 33 The explosion may even take place spontaneously, and also 

52 Dry red mercury oxide acts on chlorine, forming dry hypochlorous anhydride 
(chlorine monoxide) (Balard); when mixed with water, red mercury oxide acts feebly on 
.chlorine, and when freshly precipitated it evolves oxygen and chlorine. An oxide of 
Imercury which easily and abundantly evolves chlorine monoxide under the action of 
/chlorine in the presence of water may be prepared as follows: the oxide of mercury, 
[precipitated from a mercuric salt by on alkali, is heated to 800° and cooled (Pelouze). If 
a salt, MCIO, be added to a solution of mercuric salt, HgX 2 , mercuric oxide is liberated, 
[because the hypochlorite is decomposed. 

5 3 bis solution of hypochlorous anhydride is also obtained by the action of chlorine 
jOn many salts; for example, in the action of chlorine on a solution of sodium sulphate 
the following reaction takes place: Na 2 S0 4 +H^O + Cl a =NaCl+HCIO + NaHS0 4 . Here 
Jthe hypochlorous acid is formed, together with HC1, at the expense of chlorine and 
'water,- for Cla+H 2 0=HC1 + HCIO. If the crystaHo-hydrate of chlorine be mixed with 
mercury oxide, the hydrochloric acid formed in the reaction gives mercury chloride, 
and hypochlorous add remains in solution. A dilute solution of hypochlorous acid 
or chlorine monoxide may he concentrated J5y distillation, and if a substance which 
takes up water (without destroying the add)—for instance, calcium nitrate—be added 
to the stronger solution, then the anhydride of hypoohlorQUS acid— i.@, chlorine mon- 
iOxide—is disengaged. 

55 All explosive substances are of this kind—ozone, hydrogen peroxide, chloride of 
nitrogen, nitro-compounds, &c. Hence they cannot be formed directly from the elements 
or their simplest compounds, but, on the contrary, decompose into them. In a liquid 
state chlorine monoxide explodes even on contact with powdery substances, or when 
rapidly agitated—for instance, if a file be rasped over the vessel in which it is contained. 
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Sn the presence of many oxidisable 'substances (for instance, sulphur, 
organic compounds, <fec.), but the solution, although unstable and 
showing.a strong oxidising tendency, does not explode . 34 It is evident 
that the presence of hypochlorous acid, HCIO, may be assumed in an 
aqueous solution of C1 2 0, since C1 2 0 + H 2 0 = 2HC10. 

Hypochlorous acid, its salts, and chlorine monoxide serve as a 
transition between hydrochloric acid, chlorides, and chlorine, and a 
whole series of compounds containing the same elements combined 
with a still greater quantity of oxygen. The higher oxides of chlorine, 
as their origin indicates, are closely connected with hypochlorous acid 
and its salts . 


C1 2 , 

mci, 

HC 1 , 

hydrochloric acidj 

Cl a O, 

NaCIO, 

HCIO, 

hypochlorous acid 

CH203, 

HaC10 2 , 

HC10 2 , 

chlorous acid . 33 

CI 205 , 

NaClOg, 

HClOa, 

chloric acid. 

C 1 2 0 7 , 

NaC 10 4 , 

HC10 4 , 

perchloric acid- 


When heated, solutions of hypochlorites undergo a remarkable 
change. Themselves so unstable, they, without any further addition, 
yield two fresh salts which are both much more stable; one contains 
more oxygen than MC10, the other contains none at all. 

3MC10 = MC10 3 + 2M01 

hypochlorite chlorate chloride 

34 A solution of chlorine monoxide, or hypochlorous acid, does not explode, owing to 
the presence of the mass of water. In dissolving, chlorine monoxide evolves about 9,000 
heat units, so that its store of heat becomes less. 

The capacity of hypochlorous acid (studied by Cariu&and others) for entering into com¬ 
bination with the unsaturated hydrocarbons is very often taken advantage of in organio 
Chemistry. Thus its solution absorbs ethylene, forming the chlorhydrin C^HiClOH, 

The oxidising action of hypochlorous acid and its salts is not only applied to bleaching' 
but also to many reactions of oxidation. Thus it converts the lower oxides of manganese 
into the peroxide. 

56 Chlorous add, HC10 2 (according to the data given by Millon, Brandau, and 
others) in many.respects resembles hypochlorous acid, HCIO, whilsfe they both differ from 
chloric and perchloric acids in their degree of stability, which is expressed, for instance, 
in their bleaching properties; the two higher acids do not bleach, but both the lower 
ones do so (oxidise at the ordinary temperature). On the other hand, chlorous aoid is 
analogous to nitrous acid, HN0 3 The anhydride of chlorous acid, C1 2 0 5 , is not known 
in a pure state, but it probably occurs in admixture with ohlorine dioxide, C10 2 , which is 
obtained by the action of nitric and sulphuric acids on a mixture of potassium chlorate 
with such reducing substances as Ditrio oxide, arsenious oxide, sugar, &c. AH that is at 
present known is that pure chlorine dioxide C10 2 {see Notes 89-48) is gradually converted 
into a mixture of hypochlorous and chlorous acids under the action of water (and alkalis); 
that is, it acts like nitric peroxide, NO* (giving HNO s and HN0 2 ), or as a mixed anhy¬ 
dride, 2C10 a + H-jO «= HC10 5 + HClOo. The Bilver salt, AgClOa, is sparingly soluble in 
water. The investigations of Garzarolli-Thurnlackh and others seem to show that the 
anhydride C1 2 0$ does not exist in a free state. 
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If dilute sulphuric acid be added to a solution of potassium chlorate, 
chloric acid is liberated, but it cannot be separated by distilla¬ 
tion, as it is decomposed in the process. To obtain the free acid, 
sulphuric acid must be added to a solution of barium chlorate.The 
sulphuric acid gives a precipitate of barium sulphate, and free chlorio 
hcid remains in solution. The solution may he evaporated under 
the receiver of an air-pump. This solution is colourless, has no 
smell, and acts as a powerful acid (it neutralises sodium hydroxide, 
decomposes sodium carbonate, gives hydrogen with zinc, &c.) ; when 
heated above 40°, however, it decomposes, forming chlorine, oxygen, 
and perchloric acid : 4HC10 3 = 2HC10 4 -f H 2 0 + Cl 2 + 0 3 . In a 
concentrated condition the acid acts as an exceedingly energetic 
oxidiser, so that organic substances brought into contact with it burst 
into flame. Iodine, sulphurous acid, and similar oxidisable substances 
form higher oxidation products and reduce the chloric acid to hydro¬ 
chloric acid. Hydrochloric acid gas gives chlorine with chloric acid 

cold water, especially in the presence of other salts. The double decomposition taking 
place is Ca(C10 3 ).> + 2KC1=CaCl 2 + 2KC10 3 . On a small scale in the laboratory potassium 
chlorate is best prepared from a strong solution of bleaching powder by passing chlorine 
through it and then adding potassium chloride. KC10 3 is always formed by the action 
of an electric current on a solution of KC1, especially at 80° (Haussermann. and Naschold, 
1894), so that this method is now used on a large scale. 

Potassium chlorate crystallises easily in large colourless tabular crystals. Its solu¬ 
bility in 100 parts of water at 0°=3 parts, 20° =8 parts, 40° =*14 parts, 60° =2# parts, 
80°=40 parts. For comparison we will cite the following figures showing the solubility 
of potassium chloride and perchlorate in 100 parts of water: potassium chloride at 0° = 2$ 
parts, 20° = 85 parts, 40°=40 parts, 100°=57 parts; potassium perchlorate at 0° about 
1. port, 20° about If part, 100^ about 18 parts. When heated, potassium chlorate melts 
(the melting point has been given as from. 835°-376°; according to the latest determination 
by Camelley, 859°) and decomposes with the evolution of oxygen, potassium perchlorate 
being at first formed, as will afterwards be described (see Note 47). A mixture of 
potassium chlorate and nitric and hydrochloric acids effects oxidation and chlorination 
in solutions. It deflagrates when thrown upon incandescent carbon, and when mixed 
with sulphur (& by weight) it ignites it on being struck, in which case an explosion 
takes place. The same occurs with many metallic sulphides and organic substandtfs*. 
Such mixtures are also ignited by a drop of sulphuric acid. All these effects are due to the 
large amount of oxygen contained in potassium chlorate, and to the ease with which it 
is evolved. A mixture of two parts of potassium chlorate, one part of sugar, and one 
part of yellow prussiate of potash acts like gunpowder, but burns too rapidly,, and 
therefore bursts the guns, and it also has a very strong oxidising-action on their metaL 
The sodium salt, NaC10 3 , is much more soluble than the potassium salt, and it is 
therefore more difficult to free it from sodium, chloride, &c. The barium salt-is also 
more soluble than the potassium salt; 0°=24 parts, 20°=87 parts, 80°=98 parts- bi salt 
per 100 of water. 

» Barium chlorate, Ba(C10 3 ) 2> H 2 0, is prepared in the following way: impure chloric 
acid is first prepared and saturated with baryta, and the barium salt purified by crystal¬ 
lisation. The impure free chloric acid is obtained by converting the potassium in potas¬ 
sium chlorate into an insoluble salt. This is done by adding tartaric or hydrofluoSilicio 
acid to a solution of potassium chlorate, because potassium tartrate and potassium silico- 
fluoride are very sparingly soluble in water* Chloric acid is easily soluble in water. 
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perchloric acid> HC10 4 , are produced froxb the salts of chloric acid, 
HC10 3 . But this is the highest form of the oxidation of HCL Perchloric 
acid, HCIO 4 , is the most stable of all the acids of chlorine. When 
fused potassium chlorate begins to swell up and solidify, after having 
parted with one-third of its oxygen, potassium chloride and potassium 
perchlorate have been formed according to the equation 2 KC 10 3 
=KC10 4 + KC1 + 0 2 . 

The formation of this salt is easily observed in the preparation 
t>f oxygen from potassium chlorate, owing to the fact that the potas¬ 
sium perchlorate fuses with greater difficulty than the chlorate, and 
therefore appears in the molten salt as solid grains ( see Chapter IIL 
Note 12 ). Under the action of certain acids—for instance, sulphuric 
and nitric—potassium chlorate also gives potassium perchlorate. This 
latter may be easily purified, because it is but sparingly soluble in water, 
although all the other salts of perchloric acid are very soluble and even 
deliquesce in the air. The perchlorates, although they contain more 
oxygen than the chlorates, are decomposed with greater difficulty, and 
even when thrown on ignited charcoal give a much feebler deflagration 
than the chlorates. Sulphuric acid (at a temperature not below 100 °) 
evolves volatile and to a certain extent stable perchloric acid from 
potassium perchlorate. Neither sulphuric nor any other acid will 
further decompose perchloric acid as it decomposes chloric acid. Of 
all the acids of chlorine, perchloric acid alone can be distilled . 11 The 
pure hydrate HC10 4 45 is a colourless and exceedingly caustic substance 

44 If a solution of chloric acid, HCIO 3 , be first concentrated over sulphuric acid mi dor 
the receiver of an air-pump arid afterwards distilled, chlorine and oxygen arc evolved 
and perchloric acid is formed: 4HC10 S =2HC10 4 + Cl 2 4-80 + H 3 0. Roscoo accordingly 
decomposed directly a solution .of potassium chlorate by hydrofluosilicic acid, decanted 
it from the precipitate of potassium silicofluoride, K 2 SiF s , concentrated the solution of 
chloric acid, and then distilled it, perchloric acid being then obtained (see following foot¬ 
note). That chloric acid is capable of passing into perchloric acid is also seen from the 
fact that potassium permanganate is decolorised, although slowly, by the action of a 
solution of chloric acid. On decomposing a solution of potassium chlorate by the action 
of an electric current, potassium perchlorate is obtained at the positive electrode (where 
the oxygen is evolved). Perchloric acid is also formed by the action of an electric cunvnt 
on solutions of chlorine and chlorine monoxide. Perchloric acid was obtained by Count 
St&dion and afterwards by Serullas, and was studied by Roscoe and others. 

45 Perchloric acid, which is obtained in a free state by the action of sulphuric acid on 
its salts, may be separated from a solution very easily by distillation, being volatile, 
although it is partially decomposed by distillation. The solution obtained after distilla¬ 
tion may bo concentrated by evaporation in open vessels. In the distillation the solution 
reaches a temperature of 200 °, and then a very constant liquid hydrate of the composi¬ 
tion HC10 4 ,2H 2 O is obtained in the distillate. If this hydrate be mixed with sulphuric 
add, it begins to decompose at 100 °, but nevertheless a portion of the acid passed over 
into the receiver without decomposing, forming a crystalline hydrate HClO^HaO which 
melts at 50°. On carefully heating this hydrate it breaks up into perchloric acid, which 
distils over below 100 °, and into the liquid hydrate BC10 4 ,2H 2 0. The acid HC10 4 'may 
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On comparing chlorine as an element not only with nitrogen and 
carbon but with all the other non-metallic elements (chlorine has so little 
analogy with the metals that a comparison with them .would be super* 
fluous), we find in it the following fundamental properties of the halogens 
or salt-producers. With metals chlorine gives salts (such as sodium 
chloride, &c .); with hydrogen a very energetic and monobasic acid HC1, 
and the same quantity of chlorine is able by metalepsis to replace the 
hydrogen; with oxygen it forms unstable oxides of an acid character. 
These properties of chlorine are possessed by three other elements, 
bromine, iodine, and fluorine. They are members of one natural family. 
Each representative has its peculiarities, its individual properties and 
points of distinction, in combination.and in the free state—otherwise they 
would not be independent elements; but the repetition in all of them 
of the same chief characteristics of the family enables one more quickly 
to grasp all their various properties and to classify the elements them¬ 
selves. 

In order to have a guiding thread in forming comparisons between 
the elements, attention must however be turned not only to their points 
of resemblance but also to those of their properties and characters in 
which they differ most from each other. And the atomic weights of 
the elements must be considered as their most elementary property, since 
this is a quantity which is most firmly established, and must be taken 
account of in all the reactions of the element. The halogens have the 
following atomic weights— 

F = 5 19, Cl = 35*5, Br = 80, . 1 = 127. 

All the properties, physical and chemical, of the elements and their 
corresponding compounds must evidently be in a certain dependence 

chlorine, the chlorine being displaced by the oxygen disengaged, Spring and Proct 
(1889) represent the evolution of oxygen from KCIO^ as due to the salt first splitting up 
into base'and anhydride, thus (1) 2MC10 S = M 2 0 + C1 2 0 6 ; (2) Cl a 0 5 =Cl 2 +0 6 ; and (8) 
M a O + Cl=2MC1 + 0. 

I may further remark that the decomposition of potassium chlorate as a reaction 
evolving heat easily lends itself for tins very reason to the contact action of manganese 
peroxide and other similar admixtures for such very feeble influences as those of 
contact may become evident either in those cases (for instance, detonating gas, 
hydrogen peroxide, &©.), -when the reaction is accompanied by the evolution of heat, or 
when (for instance, H 2 +l 2 , <&c.) little heat is absorbed or evolved. In these cases it is 
evident that the existing equilibrium is not very stable, and that a small alteration in the 
conditions at the surfaces of contact may suffice ,to upset it. In . order to- conceive the 
modus cperandi of contact phenomena, it is enough to imagine, for instance, that a the 
surface of contact the movement of the atoms in the molecules changes from a circular 
to* an elliptical path. Momentary and transitory, compounds may he formed, bat' fcheiir 
formation cannot affect the explanation of the phenomena. 

*9 
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m this fundamental point, if the grouping in one fniiiilj t%o natural, 4 ***** 
And we find in reality that* for Instance, the pixigtortic* *»f hromino, 
whose atomic weight fa id moat tliw mean l between th<*.w of imfbm and 
chlorine, occupy a mean position between those of ftirw two elements, 
Tho second xnwum ruble property of the element* it their equivalence or 
their capacity for forming cvmpaumb #/ Thu* mutton 

or nitrogen in thk respect differ* widely from the halogens* Although 
the form 010 s corresponds with No* mill t*< >„ yet th« last mi the 
highest oxide of carbon, whilst that of nitrogen fa N,0 4l and for chlorine, 
If them were an anhydride of jwrehlorio uritl, It* rum position would 
1)0 Cl^Oy, which is quite different from that of car Uni. In respect ta 
the form* of their eompouwfo the halogens, like all element* of one 
family or group, are perfectly analogous to each oilier, m m mm from 
their hydrogen impounds: 

HP, HQ, II Br, I1L 

Their oxygen compounds exhibit a alimUr analogy* i >nly fluorine 
dam not give any oxygen compounds. The iodine and bromine c«sti* 
pounds corresponding with I!Olo a ami HOPh lire HlbrO* Hint littrO M 
II10 9 and II10 4 . On comparing the proprtim «f the** mhfa w% 
can even predict that fluorine will not forte my oxygen eomjmunil. 
Per iodine is rosily oxidised*"*for instance, liy nitric acid-* whilst 
chlorine It not directly oxidised* The oxygon adds of iodine are com* 
pamtively more stable titan those of chlorine j mil, generally speaking, 
the affinity of iodine for oxygen li much greater limit flint of chlorine. 
Her© sdso bromine occupies an intermediate pwithm. Ui fluorine 
w© may therefore exp<*rt a all! nimdh*r siftmify fur than In 

chlorine -and up to now it hm not bem combined with oxygen. If m\y 
oxygen compounds of fluorine ahould l» obtained, they will naturally bn 
©xoetxUngly unstable. The relation of throe elements u» hydrogen fa the 
worse of the above. Fluorine has m great an nilnity for hydrog*ft 
that it 4§»®|^w water at the ordinary tem|wmttire # whilst iodine 
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has so little affinity for hydrogen that hydriodic acid, HI, is formed 
with difficulty, is easily decomposed, and acts as a reducing agent in 
a number of cases. 

From the form of their compounds the halogens are univalent 
elements with respect to hydrogen and septivalent with respect to 
oxygen, N being trivalent to hydrogen (it gives KH 3 ) and quinquivalent 
to oxygen (it gives N 2 0 6 ), and 0 being quadrivalent to both H and 0 
as it forms CH 4 and C0 2 . And as not only their oxygen compounds, 
but also their hydrogen compounds, have acid properties, the halogens 
are elements of an exclusively acid character . Such metals as sodium, 
potassium, barium only give basic oxides. In the case of nitrogen, 
although it forms acid oxides, still in ammonia we find that capacity to 
give an alkali with hydrogen which indicates a less distinctly acid 
character than in the halogens. In no other elements is the acid¬ 
giving property so strongly developed as in the halogens. 

In describing certain peculiarities characterising the halogens, we 
shall at every step encounter a confirmation of the above-mentioned 
general relations. 

As fluorine decomposes water with the evolution of oxygen, 
F a <4* H 2 0 = 2HF + 0, for a long time all efforts to obtain it in free 
state by means of methods similar to those for the preparation of 
chlorine proved fruitless. 48 Thus by the action of hydrofluoric acid 
on manganese peroxide, or by decomposing a solution of hydrofluoric 
acid by an electric current, either oxygen or a mixture of oxygen and 
fluorine were obtained instead of fluorine. Probably a certain quantity 
©f fluorine 48 bk was set free by the action of oxygen or an electric 
current on incandescent and Ifused calcium fluoride, but at a high 
temperature fluorine acts even on platinum, and therefore it was not 
obtained When chlorine acted on silver fluoride, AgF, in a vessel of 
natural fluor spar, CaF 2 , fluorine was also liberated ; but it was mixed 
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-with chlorine, and It wm impossible to study the properties of the 
resultant gas. Brauner (1881) also obtained fluorine by igniting certain 
fluorides 2GeF 4 m 20®F 3 4* P a ; hat this, like all preceding effort* 
only showed fluorine to be i p which decomp*Mui w ater, ami I* 
capable of acting in a number of Instances like chlorine, but gave no 
possibility of testing its properties. It was evident that it wm 
neotssavy to avoid as for as possible the presence of water ami a rise of 
temperature j this Moltsan succeeded in doing in l#8fi. Ho decom* 
posed anhydrous hydrofluoric acid, liquefied at a tomfterature of — *J3 # 
and contained in a U-shaped tulm (to which a small quantity of 
potassium fluoride had been added to make it a bettor conductor), by 
the action of a powerful electric current (twenty llunsen’* aletnants in 
serial). Hydrogen was then evolved at the negative pole* and fluorine 
appeared at the positive pole (of iridium platinum) m a pale gtwn gas 
which decomposed water with the formation of osone and hydrofluoric 
add, and combined directly with silicon (fomlng silicon fluoride, MW%% 
boron (forming BF f ), sulphur, Its density (II m I) in 18, m that 
its molecule I» F*. But the action of fluorine on metals at the ordinary 
temperature m comparatively feeble, because the mnftattio fluoride 
formed ooats the remaining mass of the metals; it is, however, com¬ 
pletely absorbed by Iron, Hydrocarbons (itch as naphtha), alcohol, 
Ao. f immediatily absorb flnorin* with the fermathm of hydrofluoric 
arid, fluorine when mixed with hydrogen mm wily It made to 
explode violently, forming hydrofluoric add,** 

In 1894, Brauner obtained fluorine directly by igniting the rosily 
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formed 49 m double lead salt HF,3KF,PbP 4 , which first, at 230°, 
decomposes with tins evolution of 1IF, and then splits up forming 
3K FjPbFa and fluorine F a , which is recognised by the fact that it 
liberates iodine from KI and easily combines with silicon, forming 
SiP 4 . This method gives chemically pure fluorine, and is based upon 
the breaking up of the higher compound—tetrafluoride of load, PbF*, 
corresponding to PbO*, into free fluorine, F a , and the lower more 
stable form—bifluoride of lead, PbF s , which corresponds to PbO ; that 
is, this method resembles the ordinary method of obtaining chlorine 
by means of Mnf) 2 , as MnCl 4 here breaks up into Mn01 fl and 
chlorine, just as PbF 4 splits up into PbF a and fluorine. 

Among the compounds of fluorine, calcium fluoride, CaF 2 , Is some¬ 
what widely distributed in nature as fluor spar,™ whilst cryolite, or 
aluminium sodium fluoride, Na„AlF 6J is found more rarely (in largo masses 
in Greenland). Cryolites, like fluor spar, is also insoluble in water, and 
gives hydrofluoric acid with sulphuric acid. Small quantities of fluorine 
have also in a number of cases been found in the bodies of animals, in 
the blood, urine, and bones. If fluorides occur in the bodies of animate, 
they must have been introduced in food, and must occur in plants and in 
water. And as a matter of feet river, and especially sea, water always 
contain® a certain, although small, quantity of fluorine compounds. 

Hydrofluoric acid, HF, cannot l>e obtained from fluor spar in glass 
retorts, because glass is acted on by and destroys the acid. It is 

T« Nikolukin (1HHII) and subsequently Friedrich tuid Classen obtained PbCl* 
and a double ammonium salt of tetrachloride of lead (starting from tho binoxido), 
PbCbSNItiCl; Hutohiaeoa and Ballard, obtained a similar salt of aoctio arid (1890) 
corresponding to I ‘bX, by treating red lead with strong acetic acid; the composition of 
this salt l« PbfOaHgO*)* j it melts {and decomposes) at about 178°. Brauner (1894) 
Obtained a salt corresponding to tetrafluorlde of lead, BbF* and the acid ©omsponding 
to it, H^PbFg. for example, by treating potassium plumbate (Chapter XVH1 Note 88) 
with strong HF, and also tho above, mentioned tetra-aoetate with a solution of KHFft, 
Brauuttr obtained crystaUino HE^PhEii—».c. the salt from which he obtained, fluorine. 

*’ It nt ctUUnl jspar bwsuiw* it very frequently occur* as crystal® of ft clearly lmainar 
structure, and is thoroforo easily split up into pieces bounded by planet, It it called fluor 
»\mt Iwuuw when used m a flux it renders ores fusible, owing to it» reacting with silica* 
fiiO f t §CaF u §CaO 4 *BiF 4 5 tho allicon fluoride CHcapea as a ga« and tho lime combines 
with a further quantity of silica, and give® a vitreous slag. Fluor spar occurs in mineral 
vein* and wks, somaUmos in oouaidorable quantities. It always crystallises in the cubic 
tyebmn, sometime* in very large emni-ttanspemit cubic crystals, which are colourless or 
of different colour®, It ts insoluble in water. It melts under the action of heat, and 
crystallises on cooling, lire stifle gravity Is 81. When steam is passed over Incan¬ 
descent floor spar* time and hydrofluodo acid are formed: GaF 2 +H^O m CaO 4* 9HF A 
double <loccsu|Kisition is aim easily produced by fusing floor spar wfth sodium or potassium 
Itydroxides, or potash, or even with their esrlnmates; tire fluorine then pshsesover to the 
potaesium or sodium, ami tlie oxygen to thn calcium, In solutions—for example, 
C*(NQ*)*+8KF » CuF* (precipitate) + 9KNO* (hi solution)—tlie formation of c&loiutn 
ioofidt takes place* owing to its very sparing solubility. §0,000 parts of water dissolve 
a* pact of fluot «p«. 
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prepared in lend van**!*, awl when it h r* quiml jaw, in platinum 
vessalSj because lend id. <> nW i on hydfeihim le arid, although only \ttry 
feebly on the rmrfmm, and when wife a coat mg of fhmrnle ami mdphntn 
of Intel to formed net further actum fair* pW*\ !\n*der**d fitter .qvir 
and sulphuric ftrltl ov«»hv* hydrdhmric arid (whirl* fum*m in Mm mis) 
#v«s at the oitlimiry t»»tfwiit ttr*% f *n P 4 -I 11 ,St *, -1 V ) $ 4 ;>H I*\ A t 
ISO 6 flaor ipar i««Miph*tdy thvoiupmed by hidphtirir arid, Tim mml h 
thon wived m vapour, which may be n»mlrn e-d by *1 Itv-vmi* toivtmn 
Into m anhydroua add. Tim n ml t. ..m*m ti aid* d by pmmmt v,n?«ir 
into tho mvivmr <»f the etmdt’fner, h.* tin* *tdd i - ensly * dubb* i» * <44 
water. 

In the liquid nnhydrmm form hydrrdhmrir add totih at f 1 l* \ aikI *1* 
apociflo gravity at 1TK* » (Hk IP. 11 It thrive4 in water with lh« rvn* 
lution of a cnnaidtirablo amount of lamb and fftmui nehition of *•, *« it*mt 
boiling point which elktila over mi 1 *J» 1 ; ahnwing that thnadd m abb tn 
oombino with wator. Thaapvdtfa gravity til i\m romjvmiul ii Hit, ami 
its competition l!F»2H a O,^ With an t%tm% at water » dilute fct*Ut» 
tion diatifa over Href, The nqumuH luihition ami the arid jt««df in net 
bo kept in platinum venstda, but tin* dibit** arid nmy lie renveiihmtly 
prenarvod in vewto nmtio of mrmm organic waft mK m^h m gutf%i* 
poroha, or mmi in %hm %wm 4 » having wi interior mmUftg of paraffin. 
Hydrofluoric add dot* not act on h)^ira%rtt<m* and many other %nli* 
stance#, bat it not* in a highly mmmtw mmmt tin tuttal#* flt»% 
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md is distinguished by its poisonous properties, so that in working with 
tho acid a strong draught must be kept up, to prevent the possibility of 
the fumes being inhaled. The non-motals do not act on hydrofluoric 
acid, but all metals—with tho exception of mercury, silver, gold, and 
platinum, and, td a certain degree, lead —decompose it with the evolution 
of hydrogen. With bases it gives directly metallic fluorides, and 
behaves in many respects like hydrochloric acid There are, however, 
several distinct individual differences, which are furthermore much 
greater than those between hydroohlorio, hydrobromic, and hydriodic 
acids. Thus the silver compounds of the latter are insoluble in water, 
whilst silver fluoride is soluble. Calcium fluoride, on the contraty, is 
Insoluble in water, whilst calcium chloride, bromide, and iodide are not 
only soluble, but attract water with great energy. Neither hydro¬ 
chloric, hydrobromic, nor hydriodic acid acts on sand and glass, whilst 
hydrofluoric acid corrodes them, forming gaseous silicon fluoride. The 
other halogen acids only form normal salts, KOI, NaCl, with Na or K, 
whilst hydrofluoric acid gives acid salts, for instance HKF 9 (and by 
dissolving KF in liquid HP, KHF ft 2HF is obtained). This latter 
property Is in close connection Vrith the fact that at the ordinary 
temperature the vapour density of hydrofluoric acid is nearly 20, which 
corresponds with a formula H a F a , as Mallet (1881) showed; but a 
dopolymoris&tiou occurs with a rise of temperature, and the density 
approaches 10, which answers to tho formula HF. M 

The analogy between chlorine and tho other two halogens, bromine 
and iodine, is much more perfect Not only have their hydrates or 
IpAppn adds much In common, but they themselves resemble chlorine 
In many respects / 1 and even the properties of the corresponding 

obtained (owing to the formation of hydrofiuoaUioio add). After being exposed for some 
lime, the, varnish is removed (molted) and tho design drawn by the steel point Is found 
reproduced In dull lines. Tho drawing may bo also made by the direct application of a 
cnixlum of a sUlaoAuoridc and sulphuric acid, which forms hydrofluoric acid. 

w Mallet (1881) determined tho density at 80° and 100°, previous to which Gore 
(1WC) had determined the vapour density at 100°, whilst Thorpe and Hanibiy (1888) 
mode fourteen determinations between and 88*, and showed that within this limit of 
temperature the density gradually diminishes, just like the vapour of ooefcio add, nitrogen 
iloxWe, and ethers. The tendency of HP to polymerise into H*F# is probably connected 
with the property of many fluorides of forming add salts—for example, KKF 9 and 
IffilFf. We saw above U*at HOI hoi the same property (forming, for instance, HjPtCl* 
#©., p. 497 ), and hence this property of hydrofluoric add doe® not stand isolated from the 
properties of the other lialogen*. 

*» fW instance, tho experiment with Dutoh metal foil (Note 10) may bo made with 
bromine Just as well as with chlorine, A very instructive experiment on the direct com- 
bteft tfon of the halogens with metals may bo mode by throwing a small piece (a shaving) 
Of into ft vessel containing liquid bromine; tho aluminium, being lighter, floats 

W thi bromine, and after a eerteia time reaction aete in aooompanied by the evolution 
pt heat, and f mm of bromino. Tho Inoandeteent piece of metal moves rapidly 
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metallic compound® of bromine ami i«xlm«» are v**ry tijiirlt alii#, Thut, 
tho chioritlc^, bromide*, nntl iodidojud M«liinn mid pabpi&Uun »*i 
In the cubic system, and an* itulnUe in wafer ; the eld- rt>!» n»f mMum, 
aluminium, magwnuum, and bartwitt tiro jwwt m u*4iiI 4^ in watvr mi tim 
bromide® and Iodide# of lliete rm?(ak Tim bdid* niMI br< luiilni « t f 
illvor and load arc glaringly g*>luble «i v *u% like the eh3orid«*i «»f 
th *0 na^tali. The oxygen enmjwuiwhi *i hr* mine ami imUm* rib*** 
present a very strong wmingy to t)w c<Tf»".p' tiding ♦ Mwj*.»i»nli *»f 
chlorine. A hyjwibrmmam arid is know» r**rr«^|«‘mhm; with hyj**' 
chlorous arid. Thu wdtn of this turn! lu%e fie* mjj*»o hhwhing $*n*prHy 
n« the nftlta <»f hyfs*chlorous arid, I *ism di»c«*i'ivd 'm 1 st 1 by 
Courtui* in kelp, and wa 4 shortly afterward'* by < 

Oay-Lussae, and Davy, Bromine wm dittc«<wml in Do; by IfAlnitl 
In tli© mother lltpor of mn water. 

Mmmim mul ioMm\ like chlorine* wur In non water in combine* 
ilon with .mefcak However, the amount «f Isrumidt*, arid ««|4vklly 
of Iodide, in um water ii no rntmll that flit# pr**%*u$re ran only |#$ 
discovered by moan® of mmtlvv tv&eliotH.^ In the extracthm ut m\% 
from sea water the bromide# remain in the mntlirr lit|ii«r. fndka mii 
bromine alio occur combined with aiiver, in *Kitm*tun» with «I}%py 
chloride, m a mm on* whirls I# mainly found In Asiawka. CVrUta 
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mineral waters (these of Kreuznaph and Staro-rowfislc) contain metaUio 
bromides and iodides, always in admixture with an excess of sodium 
chloride. Those upper strata of the Stassfurt rock salt (Chapter X.) 
which are a source of potassium salts also contain metallic bromides, 5 ' 
which collect in the mother liquors left after the crystallisation of the 
potassium salts ; and this now forms the chief source (together with 
certain American springs) of the bromine in common use. Bromine 
may be easily liberated from a mixture of bromides and chlorides, 
owing to the fact that chlorine displaces bromine from its compounds 
with sodium, magnesium, calcium, <feo. A colourless solution of 
‘“bromides and chlorides turns an orange colour after the passage of 
chlorine, owing to the disengagement of bromine. 68 Bromine may be 
extracted on a large scale by a similar method, but it is simpler to add 
a small quantity of manganese pcroxido and sulphuric acid to thd 
mother liquid direct. This sets free a portion of the chlorine, and th& 
chlorine liberates the bromine. 

Bromine is a dark brown, liquid, giving brown fumes, and having a 
poisonous suffocating* smell, whence its name (from the Greek 
signifying evil smelling). The vapour density of bromine shows that 
Its molecule is Br a . In the cold bromine freezes into brown-grey scales 
like iodine. The melting point of pure bromine is — 7°*05. 68 The 
density of liquid bromide at 0° is ST 87, and at 15° about 3*0. The 
boiling point of bromine is about 58°*7. Bromine, like chlorine, is 
soluble In water; 1 part of bromine at 5° requires 27 parts of water, 
and at 15° 29“parts of water. Tho aqueous solution of bromine is of 

w Bui !i no iodine In Stessfurt canmllito, 

M The chlorine muni not, however, he in Urge exeeee, a* otherwise the bromine 
would contain chlorine. Commercial bromine not unfrequently contains chlorine, as 
bromine chloride; thk k more soluble in water thfua bromine, from which it may thus 
hi freed. To obtain pure bromine the commercial bromine ia washed with xvaper, dried 
by sulphuric acid, and dktillod, the portion coming over at 08° being collected; the 
greater part ia then converted into potassium bromide and dissolved, and the remainder 
k added to the solution in order to separate iodine, which is removed by shaking with 
otrbon bisulphide. By boating the potassium bromide thus obtained with mangahoso 
peroxide and sulphuric acid, bromine k obtained quite free from iodine, which, however, 
In not present in certain kinds of commercial bromine (tho Stassfurt, for instance). By 
treatment with potash, the bromine is then converted into a mixture of potassium 
bromide and bromate, and the mixture (which is in tho proportion given in the equation) 
4« distilled with sulphuric acid, bromine being then evolved: 6KBr+KBrO.+dHjSO. 
m fl£lt80 4 + 811.0 * flirt. After dissolving the bromine in a strorig solution of calcium 
bromide and jueeipiiating with an excels of water, it loses all the chlorine It contained, 
because ddorine forms calcium chloride with CaBr^. 

as There has long existed a difference of opinion as to the melting point of pure 
bromine. By some investigators (Ktignault, Fierro) It was given as between -7° and - 6 a , 
and by others (Balard, Liebig, Quincke, Baumhauer) a® between -00° and -90°. There 
k hOw no doubt, thanks more especially to the researches of Ramaay and Young (1880), 
that pure bromine melt* at about -7®. Thk figure is not only established by direct ox* 
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mx orange colour, and when reeled fe — :!')telrb crystal* containing 
10 oiQloculen of water to I iih>1«»cu!«* of Bromine.*’ Alcohol fli’iiitiluni & 
greater quantity of bromine, and ether m ml ill greater aimmnt. But 
after a curtain time products of lit© action of the bromine on them 
organic substances arc formed in tlie solution*. Aqueous solutions of 
the bromldet alto almorb a largo amount of bromine. 

With w»p#ofe to Mim p it is nhm*»t otrlusmdy c& true ted front tti# 
mother liquors alter the crystallisation of natural sodium nitrate (C*liill 
saltpetre) and from the ashes of the sea wish! rant ujjoi? the shores of 
Franco, Groat Britain, and Hjain, sometime.* in cottelemhle «|iii«4titii^ 
by the high tides. The majority of are of the genera 

/Wto?, lMm%tmrm $ &i\ The fuml aahtnftof the*** sen w#«4s »r« mtNI 
* k^lp* In Scotland and * varwh * in Normandy. A somewhat omr* 
eiderable quantity of iodine k contained in th<*a mew* weed* After 

p#rim§»4 (Vm 4m Pl»*t» wmilrnuiil *l|» l»«t site* t»f ummm «4 th* #i*fr»mat*lt«4ii *4 0m 
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befog burnt (or subjected to dry distillation) an ash is left which 
ohiofly contains salts of potassium, sodium, and calcium. The metals 
oocur in tho soa-wood as salts of organic acids. On being burnt these 
organic salts are decomposed, forming carbonates of potassium and 
oodium. Hence, sodium carbonate is found in tho ash of sea plants. 
The ash is dissolved in hot water, and on evaporation sodium car¬ 
bonate land other salts separate, but a portion of tho substance® 
fOihains in solution. These mother liquors left after the separation of 
the sodium carbonate contain chlorine, bromine, and iodine in combi¬ 
nation with metals, the chlorine and iodine being in excess of the bromine 
13,000 kilos of kelp give about 1,000 kilos of sodium carbonate and 
*|5 kilos of iodine. 

The liberation of the iodine from the mother liquor is effected with 
comparative ease, because chlorine disengages iodine from potassium 
Iodide and its other combinations with the metals. Not only chlorine, 
but also sulphuric acid, liberates iodine from sodium iodide. Sulphuric 
acid, in acting on an iodide, sets hydriodio acid free, but the latter 
easily decomposes, especially in the presence of substances capable of 
evolving oxygen, such as chromic acid, nitrous acid, and even ferric 
calts. ei Owing to its sparing solubility in water, the iodine liberated 
separates as a precipitate. To obtain pure iodine it is sufficient to 
distil it, and neglect tho first and last portions of tho distillate, the 
middle portion only being collected. Iodine passes directly from a state 
of vapour into a crystalline form, and settles on tho cool portions of the 

** ha general, SHX + 0 *»I 8 + H s O, if the oxygen proceed from a substance from which 
It It easily evolved. For thie reason compounds corresponding with the higher stages of 
oxidation or chlorination frequently give a lower stage when treated with hydriodic acid. 
Ferric oxide, F^Og, is a higher oxide, and ferrods oxide, FeO, a lower oxide; the former 
corresponds with F«Xg, and the latter with and this passage from the higher to the 
lower takes place under the action of hydriodio acid. Thus hydrogen peroxide and 
oxoua (Chapter IV.) are able to liberate iodine from hydriodic acid. Compounds of copper 
oxide, CuO or CuX a , give compounds of tho auboxide Cu a O, or CuX* Even sulphuric acid, 
which corresponds to the higher stage HO 3 , is able to act thus, forming tho lower oxide 
4EKV The liberation of iodine from hydriodic acid proceeds with still greater ease under 
the action of substances capable of disengaging oxygen. In practice, many methods 
are'employ ml for liberating iodine from acid liquids containing, for example, sulphuric 
acid and hydriodio acid. The higher oxides of nitrogen are most commonly used ; they 
(then pass into nitric oxide. Iodine may even bo disengaged from hydriodio acid by the 
action of iodic acid, &c. But there is a limit in these reactions of the oxidation of hydri¬ 
odic acid because, under certain conditions, especially in dilute solutions, the iodine 
mi free is itself able to act as an oxidising agent—that is, it exhibits the character 
Of chlorine, and of the halogens in general, to wldch we shell again have occasion to 
refer. In OhlU, where a large quantity of iodine is extracted in the manufacture of ChUi 
nitre, which contains NaIG a , it is mixed with the acid and normal sulphites of sodium 
In foiuHon} the iodine is then precipitated according to the equation 3NaIO$+SNaaSO* 
«t» 9NeH60 s »ftNftft&Oe+X 9 +EfO. The iodine thus obtained is purified by enblimetioo* 
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apparatus In tabular crystals, having n black grey colour ami metallic 

lustra 18 

The sj>©cific gravity of tho crystals oC iodiuu w *I‘fb\ If uwlu at 
114“ ami boils ni 184 u . lt« vapour i* form«*J at a much fow«r 
turn, and is of a vtot colour, wltttiCft, fodisio receive* its mnw 
violet), Tho smell of iodluo recalls tho characteristic *>mdi «4 hy{w 
oklorotis acid i It toft sharp mmr taste. It destroys tho skm mid urgattt 
of the body, and ii therefore fm§uvntly employed for cautr’rmng am! as 
an irritant for tho skin. In small «|U&ntttic* It turn* tin? akin brown, 
but the coloration dtoj>|nmr» filter ft certain time, |»irt!| owing to its# 
volatility of tho iodine. Water dissoUtvt only | art of iodine. A 
brown solution in thus obtained' whirl* blitnchc*, but much tuorofaohly 
than bromine and chlorine. Water which contain* m\ts t and ttn|«H!»taUy 
iodides, In solution dissolve* iodine in coiiaitforable citiaiitiUa*, fiu4 tfi© 
resuitsAt solution k of a dark brown colour. I*on» alcohol dissolves m 
small amount of iodine, and in m doing acquire* m hmmm colour* but 
tho solubility of iodine i» considerably increased by tho f»re*#itre of a 
imall quantity of an iudino compouml— for instant*’, ethyl iodi«Je~»la 
tho alcohol.** 1 Ether dissolves n larger amount til iodine than alcohol 
but itxiiiMt is gtarUeularly soluble in liquid hydrocarbon*, in tat toil lit- 
sulphide, and in chloroform. A small i|i»»iitity of iodine dissolved 
in carto bisulphide tints It rote*eofour» hut In & *<*tM>*h*f larger 
amount It gives ft violet colour. Chloroform (quit** Iron tmm alcohol) 
is also tinted rose oolour by ft small amount of §«4ifi» This gives mm 
easy moans for detecting the presence of trm iodine in »«ualt quantities. 
Tho blue coloration wlduh Iron iodine gives with stonrA may also, 
as to already ton frequently mentioned (*w Chapter IV,), servo for 
the detection of iodine. 

If we compare the four elements, fluorine, eblafin*, brofnimt, and 
Iodine* we mo In them m example of amdogiHia eutMtanrr* which 
VMungit themselves by their physiol propeilJo* in the mutm order m 
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they fetand Ifi respect to thoir atomic and molecular weights. If the 
weight of the molecule be large, the substance has a higher specific 
gravity, a higher melting and boiling point, and a whole series of pro* 
parties depending on this ditfercnce in its fundamental properties. 
Chlorine in a free state boils at about —35°, bromine boils at 60°, and 
iodine only above 180°. According to Avogadro-Gcrhardt's law, the 
vapour densities of these elements in a gaseous state are proportional 
to their atomic weights, and here, at aU events approximately, the 
densities in a liquid (or solid) state are also almost in the ratio of their 
atomic weights. Dividing the atomic weight of chlorine (35*5) by its 
specific gravity in a liquid state (1*3), we obtain a volume «n 27, for 
bromine (80/3*1) 26, and for iodine also (127/4*9) 26.* 4 

The metallic bromides and iodides are in the majority of cases, in most 
respects analogous to the corresponding chlorides / 56 but chlorine displaces 
%he bromine and iodine from them, and bromine liberates iodine from 
iodides, which is taken advantage of in the preparation of those halogens. 
However, the researches of PotOitzin showed’ that a roper** displace¬ 
ment of chlorine by bromine may occur both in- solution# and in 
Ignited metallic chlorides in an atmosphere of bromine Vapour—-that is, 
a distribution of the metal (according to BerthoUet's doctrine) takes 
place between the halogens, although however the larger portion, still 
unites with the chlorine, which shows its greater affinity for metals as 
compared with that of bromine and iodine .^ 6 The latter, however, 

to Tli« equality of the atomic volumes of the halogen® themaolvoe to all the more 
twawrkahl® because In alHhe halogen compounds the volume augment* with the shbati- 
tttttoo of Mmttm by chlorine, bromine, and Iodine. Thus, for example, the volume of 
toiittk fluoride (obtained by dividing the weight expressed by its formula feyjtot specific 
gravity) Is about 18, of sodium chloride 87, of sodium bromide 88, and Of sodium, iodide 41. 
Who volume of silicon chloroform, filHCb, is 88, and those of the corresponding bromine 
and Iodine compounds are 108 and 188 respectively. The same difference also exists 
In solutions; for example, NaCl+800H a O has a sp.gr. (at M°/4°) of 1*0106, consequently 
tlm volume of the solution' *8,688*8/1*0106 *■*8,080, henoo the volume of sodium ohlorid© in 
solution **6,0*10-8,608 (this is the volume of Q00HsO)«17, and in similar solutions, 
Nallr - 86 and Nal * 86. 

to But the density (and also molecular volume, Note 64) -of a bromine compound is 
always greater than that of a chlorine omnpoupd, whilst tliat of an itxlinp compound 
ii itlll greater. The order Is the same in many other reiqxxitB. For example, m lodino 
compound has a higher boiling point titan* a bromine compound, Ac. 

4 , i,. PotUitrin showed that in heating various metallic chloride*! tu ® closed tube, 
with ftn #t|ulvaleui quantity of bromine, a distribution of th© metal between the halogen* 
always occurs, and Utat the amounts of chlorine replaced by the bromine In thq ulthnato 
product are proportional to the atomic weight* of the metals taker* and Inversely proper* 
tton&l to their equivalence. Thus, If N&C14- Br be taken, then out of 100 part* of 
ohlorinw, 6"84 are replaced by the bromine* whilst with AgCl + Br *7*88 parte are 
fffdl tot di These figures are it* the ratio 1 : 4“9, and the atomic weight® Na 5 Ag«**l ii*7. 
tu general terms, If a chloride MCI* be taken, it gives with aBr a peroentage eub* 
•Utotiou »4SI/#i whose M Is the atomic weight of the metal. Thkhlaw w» diduoid 
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oomotlme* Mtav® *Ith rwj«’Ct to metallic oxuh\» in exactly the &am$ 
manner a* chlorine QnyLm$u\ by igniting y^umimn t&thmmU lu 
h K \im vapour, obtained (m with chlorine) an evolution of oxygen mil 
carbonic anhydride, K 4 CO» + I s «* 2KI 4 4 <\ only the reac¬ 

tion* between tbo halogens ftnd i«|gen aro more easily ret ernthta with 
bromine and Iodine than with chlorine. Thua, at <* ml heat oxygen 
dbplaoee iodine from barium iodide, Aluminium iodide burn* in 
m mrmn% of oxygen t Deville uni Trwoat), uu\ * eiuuUr, although 
aot so clearly marked, relation wxiaU for aluminium chluridin ami ahowa 
that the halugeiw have a diatinctly iiunllcr admit y f»r those me tali 
which only form fechb t*a*ee. This la still worn the emm with 
tlui nummota!#, which form acids «i«l evolve much more heat with 
oxygon than with the halogen* (Note 13). I hit in all ih* m\ iti*tattcc;i 
the affinity (ami amount of heat evolved) of imlinn and bromine i* y&$ 
than that of chlorine, probably b<auao «lir atomic weight* arc greater, 

from obicrfatlosi of* the rbtorbto* i4 14# K, Ne, Aj in*» l\ t% tlf» S)*% i\\ Ilf, Fh 
(»-SI, lit H« {»**#), fttisl IV, 

In tlu»* ttotermiuetioiift of I'oiihltfla we ws» n •§ a of 

Iterth**llt»i*»» tWtriiifs, but *1*> tftw lf«l «f^cl to *!»iwtlf 4*tormm«> lb* ftflnift*# of 

#>lmt»r>nU by taewR* of The rliltf -f In 

proving whether a Ut*p)***M*at mvm* in !&»»**» «**»» wfccr* h«*l O iWiWJ, e**4 in 
thin ineteiw* it mIimuM he etaurtat, Waue* th* *4 »*J ismUlb fcnwmtM In 

elleattaS with the evwlutlim of \m> heat U«*»» ll»t *f tti# rtiW*4*e, m I* «««a by ih* 
lfm»i given in Note It. 

If the mm at the bromine be Immmk then the am^uit «f fb*yl+r**% *]**> 

Wm exeat?!*, It maanti at hrt*»bi** *4 1 net 4 e»|«Mv dmi* m% m a 
of tuHlItim ^torlAi, lima A* t 4 the < 4 i#| 4 w 4 *»II im §«> «^t 

li’4i pj!4 la the adiatt ©f I* 4» »&♦ m4 l*> t t *>n » in of 

hadum «WorMt| there will he 4li|tl*r^t 7 17*# c£i o, »r4 |^§ |.«* nf t hh fIf 

an eqiiivftbtit Si|ilf«44lr»rle »ci«l »#i »>»i iiw^lii# hi 4»^4 t»l^ 

ami In the aUewtimi of mAm at » t«» 4 ^»tii» *4 ms> , 0>#n tb» ^mr^Mmgp* *4 ilm mb* 
ititution of the hro»to#h| th# chlorine III the 

nmv*il*»nt t««Wi am iaf»»I| {wuparUoMl to tlwif wpightA. F*»f 

Nttllr ♦ Hri ghm at the limit tl jm»# el Ktl If t,*R mn«l *§ |i* 

K»«5MtW!y the mxm aetkm takaa tiiiii n%mm* «*4alto«*. aHtom^ti th* 

ii mnai>limta<l by the pmUd^Um «f t^ water. The r*4 Ktommi4»ly ‘m 

mm nr the other at the c^itawf lampefaiom t»»l *t m$m in the 

aetiaa of a dilate fttthtittt (1 §$uival#»! p« I ht*w) «f mdmm fc«i rfitw 

at UttittdiMqr ton^iiatait tit* aimmat ef hnwamii r»|W,t i» »i« «^4 * half *k|# » 
1*07 aad wttfe ehleride l h f a With « mm** wf toe A m**' 

aitaoe of tte fftMltote Ihit dNm pwwl with tte ^ 

of heal* ttbateivini avokviaff he^ ptweed family, hot 

eleotoa oertela linfl I for «i«pk, la the maet^tt %C1 ♦ iUftr ^efoeotaigMe 

of t&m hwwMt itt fonaed b ita«*i 

how 1 i «t Ml i» 

E !§*» it« .. 

Ne #07# 0170 !♦'» *, 

Thai i% th.v whl<^ m* by m of Imm puMf 

with twrj xrnch pmtoir HN^Ut| thM wt mm mm 
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The smaller store of energy in iodine and bromine Is seen still more 

clearly in the relation of the halogens to hydrogen. In a gaseous state 
they all enter, with more or less ease, into direct combination with 
gaseous hydrogen—for example, in the presence of spongy platinum, 
forming halogen acids, JIX—but tho latter are far from being equally 
stable ; hydrogen chloride is the most stable, hydrogon iodide the least 
so, and hydrogen bromide occupies an intermediate position A very 
high temperature is required to decompose hydrogon chlorido..evon par¬ 
tially, whilst hydrogen iodide is decomposed by light even at the 
ordinary temperature and very easily by a red heat. Hence the reaction 
If 4* H a » HI 4- III is very easily reversible, and consequently has a 
limit, and hydrogen iodide easily dissociates. 67 Judging by the direct 
measurement of the heat evolved (22,000 heat units) in the formation 
of MCI, the conversion of 21101 into ll 2 -f Cl u requires the expenditure 

e7 The (linmeiatian of hydriodu ' acUl hot* boon studied in detail by Ilautefeuillo and 
I/omoine, from whose researches wo extract tho following information. Tho decom¬ 
position of hydriodio add is decided, but proceeds slowly at 180° ; tho rate and limit of 
’daoumposition increase with a rise of tcmpemturc. Tho reverse action—that ia, 

«■ & 1 U—proceeds not only under tho influence of spongy platinum (Corenwinder), 
which also accelerates the decomposition of hydriodic odd, but also by itself, although 
slowly, The limit of the reverse reaction remains the same with or without spongy 
platinum. An increase of pressure has a very powerful accelerative effect on the 
rate of formation of hydriodic acid, and therefore spongy platinum by condensing 
gases has the same effect aw increase of pressure. At the atmospheric pressure the 
de<'emjwMwi.on of hydriodic acid reaches tho limit at 260° in several months, and at 
440'' la several bourn. The limit at 250° is about 18 p,c. of decomposition—that is, 
cut of 100 parts of hydrogen previously combined in hydriodic add, about 18 p,c. may 
Imi disengage! at this tem;>eraturo (thin hydrogen may bo easily measured, and the 
of dissociation determined), but not more; the limit at 440° is about 'SO p.c. 
If the pmmm under which »HJ purnm into Kg+3* be 4§ atmospheres, then the limit ia 
f 4 p.c.; under a pwiiurc of § atmosphere the limit is W p.a The small Influence of 
pressure on the dissociation of hydriodic add (compared with N a 0 4 , Chapter VI. Note 40) 
is duo to tin 1 * fact that the reaction + is not accompanied by a dmnge of 

volume. In order to show the influence of time, we will cite the following figures 
reforrmg to flfio* 1 : ( 1 ) Iteactinn II .4 + I a ; after 8 hours, 88 p.o. of hydrogen remained free; 
8 hours, |m\; ill hours, 4 H p.c.; 78 hours, 20 p.c.; and 827 hours, 18*5 p.o. ( 2 ) The 
reverse dtwnmjmeitum of 2111 ; after 0 hours, 8 p,c. of hydrogen was sot free, and after 
SM> hours IH’fl gi.c.—tlmt is, the limit was reached. The addition of extraneous 
hydrogon diminishes the limit of the reaction of decomposition, or incrcasos the 
formation of hydriodic acid from iodine and hydrogen, as would be expected from 
ttathnUrt’s doctrine (Chapter X.}. Thus at 44() ft 20 p.c. of hydriodio acid is decomposed 
If ihoro b»> no admixture of hydrogen, while if H a be added, then at tho limit only half 
m largo ii umm of HI in decomposed, Therefore, if an infinite moss of hydrogen be 
guided there will be no decomposition of tlm hydriodio acid. light aids the decomposition 
of hydrindiu add very jKiworfulIy. At tho ordinary temperature 80 pxu la decomposed 
under live influence of light, whilst under the influence of heat cdono this. Umit cone- 
*|Kii«ls with a very high tn*ujH*mtur«. The distinct action of light, spongy platinum, and 
of impurities in glass (esjtAciikUy of Hodtam sulphate, wldch dooampososhydriodio add), not 
otvly render tho investigations difficult, but also show that in riwoMoivlikoSiHI^I^+Hg, 
which itf# aoootnpan UWl by slight heat effects, all foreign and feeble influences may strongly 
afl®®t the pf©gw«i of the action (Noli 47h 
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of 44,000 heat unito. The d*fompoMtion «»f ‘jllTr Into If j f Br, 

only requires, if the bromine 1*’ obtained in .t ^ i ** >u * ! t if*», t i eon. 
hmiiftion of about 10 11 S|1 unit*., ivhiht i?i tie* «h * '^j| • » *i ? s^n *>f ;T|f 
into II.j l a as wtpottr almti! 4,000 Imu! uni* j are , * * 

(hf*j,o facts, without doubt* ?4%ii«! in entiwtl nnii;. O n * silt the iji*mC 
b! ability of hydrogen t-hWhle, the rs**y «l* *uii \ .dihfy if hyhm>* n 
itniutO| and the Intermediate |>rojpiti*;; of h\»h /* u 1 >; e eh . fr^m 
this it would bo r\|»eeted tbit ehloiim' 1 i tuj* »bf«-. f 4* * n.j ts*^ tv. Her 
with the evolution of o\y n, * hiWi i**d»?»e I.m * Wu« flimsy to 
jiroduee this ill ♦* in* M / ‘ although if t ebb- to Id • i ttm my q**n 
from the o\idr> of |*o , ,i 4ini» end wdiuitt, tlio a To *y *4 *mot 0 , for 
the halogen;* bring \* ry < on* idiraMe. For t Iii j i t > .v -»n *> t M * y*, ♦ q-»** j illy 
in compounds front whh h it on he evolved ivmhly < for in Tuo’e, < 1llO # 
(V0 3 , drc.), easily iIm»i!tjpo\r i hydrogen halide. A t?4v # «fo «»I hydm ;e& 
iodide him! mjgmi burttn in the pftunire of list ignited uxtf t *to f* inning 
water and Iodine, Prof#, of id irk acid in tut ittmmphore of hydrogen 
iodide) muse the til? engagoint nt of violet fit me i * t e-dioo end hiovttt 
fumes of nitric peroxide. In the pre'.ettee of alkali* 111*4 «ifi « su*# >% of 
water, however, Iodine in nble to elfet t esuiktioft hke rld^riie 4 tint 

m Thft tliwiiint of Th^iutnt \%t l*» | 4 ,**p m lit *<f $nh il#% 

Cl 4 II m I S3, Itt*l * \t| ftlwl in* en IUi i» # kt^« n,* 4-4 * f w it ■ * ? |, ^ 

And &er*f«rn If i 011 A*|-* tSfS, In tdb«tf M**hsnU* t aII fn 
dmiliM, Hr *« If ** 4 U'4 { If lip* A«t«**l9 4; II»II? * A*|*« * - 1 A i * >| I» *^r» 

ttiplfit f*l $m wi|ttip#il tfm *4 tin Imu# * •* t 3 * yi # 

if Ilpf b# m fA$M»iw for ii »iili i'h II«I- ^Ilf * 

II 4 1 ¥ Aq« 4 111* Ml*!, tei tittUnd t« llfftlirft.,1, ||,» |<ni t S,*• t\ ah \ ti 

VASMiriwitUm tt tHtiwiiMiiil lir^t tunu, 41*4 lit# t« 1 1 % 11^ % ^ »'» »h»m 4 e, 4 ||<^ 

ioaiw lie ftM V4*|»«n*r» Ilniljrl 4, uw I3i« I *»i*i f »>.». * t I. ^^#r* 

4 O H ihottiumd hmf iinll^ Hmukr i » 4 *tf a^Is* I*<i y ttwill* 4 »« *4 *n i w% ii» t «t m« 

ehtnnlsitry ttwnt^ te llw lis n *f Itw *•>*£**a** I . iiUi’l |l» 

niH't wily id ilrjw fwlitig pii hidiitn t i««t||is»|if^f »44*«i4fe# lli# Sfn*f4*«oiA 4 i Tint# 

Theroiiim » 4ilnl« *>IiiS|i»ii pf I j, - t 1 - , II,«» 

fpiwtitm * 311 it, whp«»i» # Smviiig i*#t ^Mp*h4ij*' 4 IW t.p« 

KM()4 HCt, KlfO 4 III »iiii <1 * II i#t 4s%#l 14 Mfl O II I I # ■!'I* 

tti«H, kmiwittu III#Aff, to find 14 II. It k tli*l u.%^ >\$U 

® Om ©» tofnw, m Hi# \mU *4 Ifaurtl^iUt« ipr*, «t *1 its* -Wr 

mlUm ftf ftlllitfla {H*dn m% lh«l » €«f»#n *%w li* h ‘'.f *i*iil*f t'y 4 4 t|# 

tokw On ilf§ mm the *4 *m\ %h ' * tm * th*f ik* 

tel iiW illy of Wiii« In wttor torrw4«#*» tip f#| m rt m\^A $41 « %*I ^ ^ W g,wt»fo 
iibk, HytlrWW wkl la Him formnl, m%\ it tt^ 4^/, If lh#» ; »hnm l«* 

tstw»tofl ftatti MWli & wdttliPit by i»rlw-n te*nh>lihl 0 , tin*. nmtV^a 4* 

tli« ttctio® ft* tiltfetw n*liy*iriiW tmiine iiiaj? toi »l#ln% lr4 44 tft* r, |n!i,.i # l» ¥ »t 

itoreh. It ana «»iiy fet ifti|«r»ti«l tlml a mmtm *4 mmiU* 

Mm® and toMuf pltm in f*#lt i|iwi4l4ti« t upfe* mm *to«M tlw #M#fci -« >-f 

Mfafcw», wh® MPta *Uil dtrnhl Mm tmiv^i i 4 Ikiib *! , »Sf 

t®® to# to#rmo®h#mk^I Mito ol tmMmh « #t«® m$m% to t?*y te tt» tkiiml 

ot Mm# and to# tofltxtnM cd m$m* 
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It decomposes water ; the action is hero aided by the affinity of hydrogen 
Iodide for tho alkali and water, just as sulphuric acid helps zinc to decom¬ 
pose water. But tho relative instability of hydriodic acitf is best soon in 
comparing tho acids In a gaseous state. If the halogen acids be dissolved 
In water, they evolve so much heat that they approach much nearer 
to each other in properties. This is seen from thermocheraical. data, 
for in the formation of HX in solution (in a large excess of water) 
from tho gaseous element* there is evolved for HOI 39,000, for IIBr 32,000, 
and for HI 18,000 heat units. 70 But it is especially evident from 
the fact that solutions of hydrogen bromide and iodide in water have 
many points in common with solutions of hydrogen ohloride, both in 
their capacity to form hydrates and fuming solutions of constant boiling 
point, and in their capacity to form haloid salts, &o. by reacting on 
bases. 

In consequence of what has been said above, it follows that hydro- 
bromic and hydriodic acids , being substances which are but slightly 
stable, cannot be evolved in a gaseous state under many of those condi¬ 
tions under which hydrochloric acid is formed. Thus if sulphuric acid 
in solution acts on sodium iodide, all the same phenomena take place 
as with sodium chloride (a portion of the Sodium iodide gives hydri- 
odie acid, and all remains in solution), but if sodium iodide be mixed 
with strong sulphuric acid, then the oxygen of the latter decomposes 
the hydriodic acid sot free, with liberation of iodine, H 4 S0 4 + 2HI 
*sc 2II m O + BOj +* I t . This reaction- takes place in tho reverse direction 
in the presence of a large Quantity of water (2,000 parts of water per 
I part of SO*), in which case not only the affinity of hydriodic acid for 
water is brought to light but also tine action of water in directing chemi¬ 
cal reaction® in which it participates. 71 Therefore, with a halogen salt, 
it is easy to obtain gaseous hydrochloric acid by the action of sulphuric 
acid, but neither hydrobromic nor hydriodic acid can be so obtained in 
the free state (as gases). 72 Other methods have to be resorted to for their 
preparation, and recourse must not bo had to confounds of oxygen, which 
are ho easily aide to destroy those acids. Therefore hydrogen sulphide, 
phosphorus, <feo., which themselves easily take up oxygon, are introduced 
m moans for tho conversion of bromine and iodine into hydrobromic and 
hydriodic acids in tho presence of water. For example, in the action of 
phosphorus the essence of the matter is that the oxygen of the water goea 

m On the bwsiu ih« data in Note 08, 

n A number «f similar return confirm wlrnt has been said in Chapter X. 

fl This is prweutod by tho mluribility of sulphuric acid. If volatile adds bo taken 
they pm* ertr, toftuthor with tho hydrobromic and hydriodic adds, when distilled; 
white! many bom- volatile adda which are not reduced by hydrobromic md hydriodic 
acids only m% feebly (like phosphoric add), or do not act at all (like boric add). 
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to the phosphorus and the union of f ho nmudning rlement - L -u\ \ tu fho 

formathniofhjclrolmniiiocu'lijdriotlh'ai'i.l; hut th * 1 met t» riM'.uuj.lie.rtvd 

by the rovendbility of the ivnetioik the :AAnh\ L*r « iti r, anil other 
circuniHtnncea which arc utulmtood by Ldh»w imt H« iTh.-p* f . «W'!rim\ 
Chlorine (anil bromine elite) directly ■> Lwh.vui .mlplnde, 

forming hydrochloric* add and liWnitttiy uilphnn* “*h 1 - 4 ^ »**>u , fmm 
and In solutions whilst iodine only <h « omj L*.dr < ri * n mdj-hide in 
weak solutions, when its Affinity for hydo^m h* nidnt by the infinity of 
hydrogen iodide for water. In it gn*ie<nm at lie h dine d**^ n««t iw% 
on hydrogen sulphide , 7 * 1 whil'd nulphur n ah!* to «h< n j-u,' >"0114 

hydriodic acid, forming hydr«»g» n udphhh* *> >1 u * im • mu! *4 mlphur 
and iodine which with water forio.-i hydthwlie „t * 1 4 

If hydrogen sulphide lie p&omd through waU"’ •»»nt tininy I » U», the 
reaction 1I 8 S *f I§ w 2111 4 H proee* d * m !«m * a * *L»* ’»h.ti«»n h 
dilutt, but when the limit* of fm* 111 mavnu 1 the t^ntmn .4t^|ii t 
because the Iodine then iwmrn into r./dtttu>n. A v4u?i<>n luting a 
composition approximating to 2111 * lt 3 I 211 y * voiding to 
Btneau) does not react with II^N, nnfwi’h Iiin li% ,* ?!e* *§tM>itlify of fiwi 
iodine. Therefore citdy week ».iduti»*a*> of hyhl nh * «a4 1 *m tm 
Obtained hy pausing hydrogen mtlphid*’ into v, H* » w*ih i »*hn»\ 74 • l > 

To obtain 78 gmmm hydrobinittio and hydrixdio m chi if h mm% 

** This is la agr»maat with the tti#«»«ffi» iuir*l 4 u *, I <« «*« A mil fi.« * A *i»« *# 
b# takaii to the fflumm atato (fer sulphur tit# km% *4 fa * *» * »* * an I |\v Its? 4 *4 
▼apMfcMfctai 1*1) wt haw |i,, in, mi, *a it, # !,~» 

*-8 tito»M«lhiat« 0 |te 3 h#nw tie*fi*riit»liaa «f ll g ,; ^utr# <iU»n iCca , f tin *#»1 

BBr t bai mart than Umt d HI, In it*I»i*» *, 4^1 m IE,» ^ b \ ^ f *<<! - v Ilf 
bmi ta the tom&tiea t»f all tlw» <ia. •>* H t » * *< I ^ 1 * ^ wall 

water, and tlitrefew la ililiit# sa/he,,. n* *IU/i»»<•• la s,,.,*. * t * 4< ^ »U /4> 

hyU^Hfen 

?* I Hint tl 4 #r« w© tlirr*!» Iij4r (,.*» «u!| in?, I» ! ?.«#! »i-Ai 

{n ®, 1 *lii fcf» fi*nn a e 0 mj«*Binl, III, It/h w ,4 M, I * «■ b * ai )i in | .m 4 $ a/ m tii in 
farluua |>rt»|»iirik»iii, Th» iHiiartetlty trf *1 h»i u » « m. »> h H* m 
tll#»«, It is «¥tflftili Umt Wily tlw ntll<% *4 llu v4U|vi , A\ t 6 « a r u, lh& % t }» n» llw 

©owplts ppeblftlfti, «ei Mi til** 4 »tlwr l«lut A ^ r>i *<'/ I f ? i IM ni h, *; kt » u I m 

tba ImI pftfMi wiUtmit |«wrtrnl#fii? tM * ) v s>* «I j ‘ - uil »1ti 

w«id ba to «tplil« 1 \mnnn\ |*U?i •«,«,«. li| f .:) ^ j ^ x\n t, 4 »U|« d 

Baifhollil At'p^WMtf ^ wi»¥Pltii 4 iS tit* r* 4 wui l, l>ii »uii in 

tliliAlw4loa t»» edybt»wi Wgwi «te?m$ tl^ U*% fan |r* <,** u,> 1 #«e* t, t^» 
ietti In ©^Bteciaf fXfmrtoamteU m^vM t Hr whuh **,**I # 

at awry ito^. la ip^tef el Hh> Imfa^n* I Hi iutnt lt‘» Hf’# *§kn!M* to 

proMttni of toll kind, 

W Mi Tka wm» 9M©atkUy tiilw |4«» wlmn m H, f « » 'UHit« #> It* 

tten f |lv#i kfUrWio acid anil mrl mAh cm a 

reaction taka* plwrn* Tim m§uiUfamlmi uymm* md $lm |*#% %u »% by *«» 

where 4lifcl»e% mm* 

n MattioU* of fore&tkm «ii |»w|mritl#ii aiw ie#*I»if wiut* ilii*« $ «f 

ohantoal meHoa* If tha kntwWg# t4 rkwiinr^l mmkmw* mm* ms %• #%*# 1 wrt 1 <m' 

plate Oxaa it now iu It woold fc« pmdhk to fertteh all mm 1 4 with mmf 
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convenient to take advantage of the reactions between phosphorus, 
the halogens, and water, the latter being present in small quantity 
(otherwise the halogen acids formed are dissolved by it); the 
halogen is gradually added to the phosphorus moistened with water 

Thus if red phosphorus be placed in a flask and moistened with 
water, and bromine be added drop by drop (from a tap funnel), hydro- 
bromic acid is abundantly and uniformly disengaged. 76 Hydrogen 

d# tail (of the quantity of water, temperature, prossuro, mass, &o.) Tho study of 
practical methods of preparation is therefor© one of the paths for the study of chemical 
mechanics. The reaction of iodine on phosphorus and water is a ease like that men¬ 
tioned in Note 74, and the-matter is here further complicated by the possibility of the 
formation of the compound PHg with HI, as well as tho production of Pig, Pig, and the 
affinity of hydriodio add and the adds of phosphorus for water. Tho theoretical 
interest of equilibria in all their complexity is naturally very great, but it falls into the 
background in presence of the primary interest of discovering practical methods for the 
isolation of substances, and tho means of employing them for tho requirements of man. 
It is only after tho satisfaction of these requirements that interests of tho other order 
arise, which in their turn must exert an influence on the former. For those reasons, 
whilst considering it opportune to point out the theoretical interest of chemical 
equilibria* the chief attention of the reader is directed in this work to questions of 
practical importance. 

u Hydrobromio add la also obtained by the action of bromine on paraffin heated 
to ISO 0 . Gustavson proposed to prepare it by the action of bromine (best added in 
drop* together with traces of aluminium bromide) on anthracene (a solid hydrocarbon 
from coal tar). Belord prepared it by passing bromine vapour over moist pieces of 
common phosphorus. The liquid tribromide of phosphorus, directly obtained from 
phosphorus and bromine, also gives liydrobromio acid when treated with water. Bro¬ 
mide of potassium or sodium, when treated with sulphuric acid in tiro presence of 
phosphorus, also gives hydrobromio acid, but hydriodio acid is decomposed by this 
.method. In order to free hydrobxbmio acid from bromine vapour it is passed over moist 
phosphorus and dried either by phosphoric anhydride or calcium bromide (calcium 
chloride cannot be used, as hydrochloric arid would be formed). Neither hydrobromio 
nor hydriodio adds Mm be collected over mercury, on which they act, but they 
may be directly collected in a diy vessel by leading tho gas-oonduotlng tube to the 
bottom of the vessel, both gases being much heavier than air. Mens and Holtemann 
(1S80) propose to prepare HBr directly from bromine and hydrogen. For this purpose 
pure dry hydrogen is panned through a flask containing boiling bromine. The mixture 
of gas and vapour then passes through a tube provided with one or two bulbs, which 
Is heated moderately in ilu> middle. Hydrobromio acid is formed with a series of flashes 
at the part heated. Tho resultant HBr, together with traces of bromine, passes into a 
Woulfn's bottle into which hydrogen is also introduced, and the mixture is then carried 
.through another heated tube, after wliich it is passed tlurough water which dissolves the 
hydrobromio acid. According to tho method proposed by Nowfch (189*1) a mixture of 
bromine and hydrogen is lid through a tub© containing a platinum spiral, which is 
'heated te redness after the air has been displaced from tho tube. If the vessel con* 
tabling the bromine be kept at 60°, the hydrogen takes up almost the theoretical amount 
!Of bromine required for the formation of HBr. Although the flame which appears in the 
neighbourhood of the platinum Spiral 'does not penetrate.into the vessel containing tho 
bromine, still, for safety, a tube filled with cotton wool may bo interposed. 

Hydriodio add it obtained in the name manner at hydrobromio. The iodine is heated 
'in tk email fiaalc, and its vapour is carried over by hydrogen into a strongly heated tube, 
Tht ga» peeling hum the tube is found te contain a considerable amount of HE, together 
With mm tee iodine. At a low rod heat about 17 pn of the iodine vapour enters 
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iodicfa is-proparod by iwliliwg 1 part of common (yvllow) dry phoAphortis 
to 10 parts of dry itnline in » < >n shah tug the i\mk t 

union proceeds <pnt»Uy I n’t ween litem (light mul heat l^nng evolved)* 
ami when the iniwi of iodidt* of pUatiphonin which t* formed ban 
oooUh!, water in iitltlwl drop by ilrop (from & tap funnel) and hydrogen 
ioJitU* in ovolv<*d diivcUy willimit th«'tti«I of boat, The*m tm^hmbt of 
preparation will bo lit onoo umiondiKHl when il m w*nmn iiUwd fp, |Hi4) 
that photphorun chloride gives iiydrogeu chloride with water. It m 
exactly the same hero -tho my gob of fho water puimm mer to llm 
phosphorus, am! the hydrogen to thn iodine, thing l*I tl f dlt /•> 

B.p.ifjO, + 3H r.” 

In a gimi'Wii form hydrobromie and hydriodiu tu?ida are okitoty 
analogous to hydrochloric acid ; they am lt<|ttofk'd by pmutumand cold, 
they fume in the air, form notation* ami hydrate*, «f e*>mUiut I* diiug 
pointy and react on xootaU, oxide* anti Mklta, &e * 4 i July Hie relativity 


Into oombiofttkm; at m Mgim W §w> t« Iff p **.» *9 * rnmmg \m& 

about Hil jmj. 

** But ffiwmlly mom |i|i**«|<li**ni4 h nlcii an t»*f |W frfimtii/M *«$ 

3Pf§i iMtmtiiw otht*rw*t«» » n *4 lisp « 4r»r tfiritli <>%#? || }*«» ||* 4 » j#»,f§ 
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easy.decomposabiKty of hydrobromic acid, and especially of hydriodic 
acid, clearly distinguish these acids from hydrochloric acid. For this 
reason, hydriodic acid acts in a number of cases as a deoxidiser -or 
reducer, and frequently even serves as a means for the transference of 
hydrogen. Thus Berthelot, Baeyer, Wreden, and others, by heating 
unsaturated,hydrocarbons in a solution of hydriodic acid, obtained their 
compounds with hydrogen nearer to the limit C n H 2n+2 or even the 
saturated compounds. For example, benzene, C G H 6 , when heated in a 
closed tube with a strong solution of hydriodic acid, gives hexylene,. 
CeH 12 . The easy decomposability of hydriodic acid accounts for the 
fact that' iodine does not act by metalepsis on hydrocarbons, for the 
hydrogen iodide liberated with the product of metalepsis, RI, formed, 
gives iodine and the hydrogen compound, RH, back again. And there¬ 
fore, to obtain the products of iodine substitution, either iodic acid, H10 3 
(ELekul6), or mercury oxide, HgO (Weselsky), is added, as they imme¬ 
diately react on the hydrogen iodide, thus : HIO s + 5HI = 3H 2 0 4- 3I 2 , 
or, HgO 4- 2HI =,HgI 2 -pH 2 0. From these considerations it will 
be readily understood that, iodine acts, like chlorine (or bromine) 
on ammonia and sodium-hydroxide, for in these cases the hydriodic 
acid produced forms NTH 4 I and Hal. With tincture of iodine 
or even the solid element, a solution of ammonia immediately forms 
a highly-explosive solid black product of metalepsis, NHI 2 , generally 
known as iodide of nitro^en^ although it still contains hydrogen 
(this was proved beyond aoubt' by Szuhay 1893), which may be 
replaced by silver (with the formation of NAgI 2 ) : 3NH 3 + 2I 2 
= 2HH 4 I +HHI 2 . However, the composition of' the last product is 
variable, and with an excess of water NI 3 seems to-be formed. Iodide 
of nitrogen is just as explosive as nitrogen chloride. 7ffbia In the 

78 b!s Iodide of nitrogen, NHI 2 is obtained as a brown pulverulent precipitate on adding 
a solution of iodine (in alcobol, for instance) to a solution of ammonia. If it be collected 
■on a filter-paper, it does not decompose so long as the precipitate is moist; but t when dry 
it explodes , violently, so that it can only he experimented upon in small quantities. 
Usually the filter-paper is tom into bits while moist, and the pieces laid upon a brick; 
on drying an explosion proceeds mot only from friction or a blow, but even spontaneously. 
The. more dilute the solution of ammonia, the greater is the amount of iodine required 
for the formation of the precipitate of NHI 2 . A low temperature facilitates its formation. • 
NHIa dissolves in ammonia water, and when heated the solution forms HI0 3 and iodine. 
With KI, iodide of nitrogen gives iodine, NH 3 and KHO. These reactions (Selivanoff) 
are explained by the formation of HIO from NHI 2 +2H 2 0—NH 3 + 2HIO—and then 
Et+HIO=I 2 -i-KHO. Selivanoff (see Note 29) usually observed a temporary for¬ 
mation of hypoiodous acid, HIO, in the reaction of ammonia upon iodine, so that 
here the formation of NHI 2 is preceded by that of HIO— i.e. first I 2 + H 2 0=•HIO+HI, 
and then not only the HI combines with NH 3 , but also 2HI0 +• NH 3 =NHI 2 +2H 2 0. 
With dilute sulphuric acid iodide of nitrogen (like NC1 3 ) forms hypoiodous acid, hut it 
immediately passes into iodic acid, as is expressed by th£ equation 6HIO =» 21^+ HIO* 

+ 2H 2 0 (first 8HIO =* HI0 3 .+ 2HI, and. then HI+HIO ** I^+ H 3 0). Moreover, Selivanoff, 
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action of iodine on sodium hydroxide no bleaching compound is formed 
(whilst bromine gives one), but a direct reaction is always accomplished 
with the formation of aniodate, 63NaHO + 3I 2 = 5NaI + 3H s O+ NaI0 3 
(Gay-Lussac). Solutions of other alkalis, and even a mixture of water 
and oxide of mercury, act in the same manner. 79 This direct formation 
of iodic acid, HIO s I0 2 (0H), shows the propensity of iodine to give 
compounds of the type IX 5 . Indeed, this capacity of iodine to form 
compounds of a high type emphasises itself in many ways. But it is 
most important to turn attention to the fact that iodic acid is easily 
and directly formed by the action of oxidising substances on iodine. 
Thus, for instance, strong nitric acid .directly converts iodine into 
iodic acid, whilst it has no oxidising action on chlorine. 79 bis This 
shows a greater affinity in iodine for oxygen than in chlorine, and this 
conclusion is confirmed by the fact that iodine displaces chlorine from 

found that iodide of nitrogen, NHI 2 , dissolves in an excess of ammonia water, and that 
with potassium iodide the solution gives the reaction for hypoiodous acid (the evolution 1 
of iodine in an alkaline solution). This shows that HIO participates in the formation 
and decomposition of NE I 2 , and therefore the condition of the iodine (its metaleptio 
position) in them is analogous, and differs from the condition of the halogens in the 
haloid-anhydrides (for instance, N0 2 C1). The latter are tolerably stable, while (the 
haloid being designated by X) NHX 2 , NX 3 , XOH, RXO (see Chapter XIII. Note 48), &c,, 
are unstable, easily' decomposed with the evolution of heat, and, under the action of 
water, the haloid is easily replaced by hydrogen (Selivanoff), as would be expected in 
true products of metalepsis. 

79 Hypoiodous acid, HIO, is not known, but organio compounds, RIO, of this type 
are known. To illustrate the peculiarities of their properties we will mention one 
of these compounds, namely, iodbsoienzol, C^H^IO'. This substance was obtained 
by Willgerodt (1892), and also by V. Meyer, Wachter, and Askenasy, by action* 
of caustic alkalis upon phenoTdiiodochloride, CoHjICLj (according to the equation, 
C 6 H 5 IC1 2 +2MOH=C 6 H 5 IO+2MC1+H 2 0). Iodosobenzol is an amorphous yellow sub¬ 
stance, whose melting j&int could cot be determined because it explodes at 210°, 
.decomposing with the evolution of iodine vapour. This substance dissolves in hot water) 
and alcohol, but is not soluble in the majority of other neutral organic solvents. Hi 
adds do not oxidise C 6 H 5 IO, they give saline compounds in which iodosobenzol appear® 
as a basic oxide of a diatomic metal, C 6 H 5 T. Thus, for instance, when an acetic acid 
solution of iodosobenzol is treated with a solution of nitric acid, it gives large monoclinia 
crystals of a nitric acid salt having the composition C 6 H 5 I(N 03) 2 (like Ca(N0 3 ) 2 )i 
In appearing as the analogue of basic oxides, iodosobenzol displacfeslodine from poiassium^ 
iodide (in a solution acidulated with acetic or hydrochloric acid)— i.e. it acts with its' 
oxygen like HCIO. The action of peroxide of hydrogen, chromic acid, and other similar) 
oxidising agents gives iodoxybenzol, CgHsIOg, which is a neutral substance— i.e. incapable- 
of giving salts with adds (compare Chapter XTTT . Note 48). 

76 w * The oxidation of iodine by strong nitric add was dis'oovered by Connell; Millon 
bowed that it is effected, although more slowly, by the action of the hydrates of nitric, 
acid up to HN0 3 ,H 2 0, but that the solution HN0 3 ,2H 2 0, and weaker solutions, do not 
oxidise, but simply dissolve, iodine. The participation of water in reactions is seen in 
this instance. It is also seen* for example, in the fact that dry ammonia, combines 
directly with iodine—for instance, at 0 Q forming the compound I 2> 4NH S —whilst iodide of 
nitrogen is only formed in presence of water. 
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Its oxygon acids, B0 and that in ‘tho presence of water chlorine oxidises 
iodine* 81 Even ozone or a silent discharge passed through a mixture of 
oxygen arid iodine vapour is able to directly oxidise iodine 89 into iodic 
acid. It i« disengaged from solutions as a hydrate, HI0 3 , which loses 
water at 170°, and gives an anhydride, I a O s . Both those substances 
Are crystalline (sp. gr. 1*0* 5*037, 11 JO a 4*809 at 0°), colourless and 
soluble in water; 83 both decompose at a red heat into iodine and oxygen, 
are in many oases powerfully oxidising—for instance, they oxidise sul¬ 
phurous anhydride, hydrogen sulphide, carbonic oxide, Ac,—form 
chloride of iodine and water with hydrochloric add, and with bases 
form salts, net only normal MIO a , but also add; for example, 
KIO a HIO a , KI0 3 2HI0 3 . M With hydriodio add iodio add imme¬ 
diately reacts, disengaging iodine, 1II0 3 4* 5HI 8II a 0 4* 3T a . 

110 Bromine also dispWcoA chlorine— for instance, from chloric acid, directly forming 
bromic acid. If a solution of potassium chlorate lm taken (70 partti per 400 parts of 
water), and iodine bo added to it (HO parte), and thou a small quantity of nitrio acid, 
chlorine is disengaged on boiling, and potassium Mate is formed in tho solution. In 
this instance the nitric acid first evolves a certain portion of the chlorio add, and tho 
tatter, with the iodine, evolves chlorine, Tho iodio add thus formed not* on a further 
quantity of too potassium chlorate, sot* a portion of the chlorio acid free, wad In this 
manner too action it kept up. TotiUtrin (1B87) remarked, however, that not only do 
bromine and iodine displace tho chlorino from chloric add and potassium chlorate, but 
also chlorine displace# bromine from sodium bromato, and, furthermore, tho reaction dots 
not proceed as a direct substitution of tho halogens, but ii aoeompanied by the formation 
of free acids; for example, &Ntttl0 3 l fiBr, l Bib/)- SNaBr * MlC10 3 -f HllrO-,. 

•* If iodine bo stirred up in water, and chlorine pafniml through the mixture, the iodine 
is dissolved; the liquid becomes culourUmn, and contains, according to tho relative 
amounts of water wad chlorine, either lllClj, or IC1 8 , or IU0 3 . If there be a small amount 
of water, tofu ton iodio add may separate out directly m crystals, hut a complete con¬ 
version <Bom#mann) only occurs whoa not hm than ten parte of water are token to 
m% part of iodine—Id + III t O + SCl f - IHO g +61101. 

w Sohdneholn and Ogler prowl this. Ogior found that at 45° omm* immediately 
oxidises iodine vapour, forming first of all the oxide I. a O s , which I» decomposed fey water 
or on heating into iodic anhydride and iodine, Iodio acid ii formed at the positive pd§ 
when a solution of hydriodio acid is decomposed by a galvanic current (Eicht), It if 
abio formed in tho combustion of hydrogen mixed with a small quantity of hydriodio add 
(Halet). 

ft1 Kiimmerer showed that a solution of up. gr, *4*137 at 14°, containing UHIO.,011^0, 
■solidified completely in the cold, On comparing solutions HI t mil 4 (> with 1U<>« i m 1 i ,<>, 
W« find that the specific gravity increases but tho volume drcrmwei, whilst in the 
passage of solutions I1C1 { mlljO to lU’lO a i mlf jO both the >q»i aiio gravity and the 
volume increase, which is also observed in certain other casus (for example, and 

»i feu Ditto (IHfiO) obtained many iodates of great variety. A neutral milt, f i(BiIO A )H a 0, 
ii obtained by saturating a solution of lithia with iodio add. There h an analogous 
ammonium salt, # J(NII 4 10,dltjO. Ho also obtained hydrates of a mow complex com¬ 
position, such a« ^(NHJOslHaO and 0(MII|lO s )dII.|O, Balts of tho alkaline earths, 
Ba(I0 3 )sH tt O and 8r(I0 3 )aII a 0, may bo obtained by a reaction of double decomposition 
frein to# normal salts of too typo *4(MeICb)Ha^* When evaporated at 70® to 80° with 
nitric add thii® wait# lose water, A mixture of solutions of nitrate of nine and 4a 
alkaline Mate precipitate* ZattOsbSUUO. An anhydrous §sdt ia thjpowa m% If nitric 



510 


niwvtvum ov cmmstuv 


A® with chlorine m with ti fwru*he meid, IIIO i# b form**l 

Thi« ftdd ia product®! t« the form of its italic by the notion of eMmhm 
on alkaline aolutions «if iiKintt*, awl alfc» hy the action of tulino ou 
chloric acid** It cryat&tt imm from solution;! *a a hydrate containing 
2HjjO (corresponding with HCl* >***iH*t } h hut IMS it *alu con¬ 

taining np to 5 atom® of metal a, the* waf* r mmi hm cmuntotl m mmuw 
of constitution. Therefore It>(t>11)* HI* * c»»riva|n.*iuhi with 

the highest form of halogen compound*, lX f , m In decomiHming (at 

utof ho whh’il to tins w*hit»*'ini At* to /j* *# *4la *4 * %>to*nn# 4 n<<1 *•$ fityt 

HOT»J#»mitoi of the tji*' DM* ’I* >*iNiP »sel M* 1 i» u^I?* II*, *tlb #< »i» *n» a <m io s {%m* 

urni M« ” toiii,, tie* > ( I to 111 -t < \f > mn>\ «,<,*)*>! n* I, /<>, <A oj • * \V s*to «ui 

etc* M'IhIjmu of {until* till* Ito itoo* **;u ‘utostab r» *4 m r* > sf^wJiMf^ 

Miflt so* ftniUto/lNHto'**» Uh« Nil* ,M *■ 4 J*f *N < r ® < s? I H ^4 % * Ii 4 1 |M «fvt 
<'u(IO^)ANIt*bt> t Tto«# **H# tf»$ N ** r» la I 1/ *n I 

{NH 4 J 4 tf; for example* to 1*^0 tot a* A *» Ml**/4 / to * »* m 

derived from the hy<ii*t ** 9 PjiV^MI -Jhllt*VH* U 

w If nadium uidalit liftiiiiistt wilti mm lulo is * t imIioso tijrdMfcel** to# tod, mu t rbWUte 

|miii’4 Ihrottgli Hi# neltitseit, a «*j mnn&\y mArnbh *4t ^»| # whoh c* no*pa*4t 

with |«*r4i«lic Mhh «y«t lm» itw »*» 

t^ulfO I aNali% ♦ *« I **> lKat‘1 ^ h*mh n * * 

Tltltt miti|tpuntl i*t t*|mt 4 t»nly w4«t4i» l« mml&t, hui mmity til *1 %’#ff 4tlul# 

«K*UUt(*tt of mttii* Im ul If »mIvpi fulfil” I« l^htol 5** tl4® fc »tth< » » 4« |*#f#<«| 

which r<*ntiiitw llio rt*rw#|»«‘»4iit|.f S #4 «H«t» %fc s #!, f » It liil* 

•t*luhW ml ter com|*nutttl l»> »i lot lUlfl' m A t t^*WU «f » #»tl Iws#!^ 

thu «wn|wfciti«*i Agl <>4 *«» thm mU m t* ti4»4 t» u\ ii» pw *»ln^ 

hy tli« nitric acU! toilftf up mhmt ml#* ^ UlINi**JliiSo,» 4AnIti # # || # il 

Thu iil¥«r tilt I# tl#mi 4 |»iwl hy m «*•»•* with itm i» t ie**iu n *4 l!*# tutH, 

whllit bdl« »#«««« ttt wtltttW' •' 

4Aalt> 4 ♦ np~ A« f l,c% ♦ MHO* 

Tht iteeeteit <4 ft»t of ib***#* mil#* h %*m*m%* li«wlf |« * 

form If tbtmterc*! w|»t*lltoti«ii !• wgiif4*4 m wi p *s^«n *4 %b» cull, \km 

famtula* li tlwiiji «livi<l«il In iwn, »ii»| |*|«# iliu fiifsti <>f m, ii m%m«m 

to the ty|wi lOX^» or IX;, Uhc A^U^X^hiph I* Tft« r4>fii|*s*ii4«ti «f *11 lb# 

sulfa of |wri«*tlte w4fli mm ex}*«*»•»*! by ihia %f$m IEf Eiitiinlit* it»i»| fmtmm «4I 
th« wslti of |**riw|w ncltl to fut»r tli» *4 il|u # |^li« »»i A # 4 «‘n 4 1^4 

itto mono t«Ut*u4 H 5 IO 4 A§| # ll t tolllhtl^ (tAf^iMilto *4 II^IO* {Urn^h. mi4 

th@ dt iftHi of ll 4 l 3 0|j |K 4i A|||, Ni|). ttw ftiiw if*t *f» »4 IW ty|» 

Ilt| f itMiwily, IOiICIII)* ICI|fC»fl|j* will ItlfdllJi, tm4 tto» Iim» 4 l>|«* i<f 4f|«fi<#I|d 
•fclif„ wlileh «irtt»|«#iiil wltli lit** tyj*» «f lit** mmm* fit’ll #ch- f« *41# « #t#» 

wito * iii f n% ii.#» * 14141 # 

tnti4, t»| *UI»t, ««il wh- *# **)i* w«¥# 

*tft4fii by IaiiiIiiI^ m& mmw$ «!t*«w» p««NW4»t* *11 #«*«*|* 1 * *4 

hy<l»toi in wtitoh li li to»t ttor*» im mi litit 4l#to»a» the «*n* »f 

hydmtloiiftniofrfyfttilll»tliwwhich wmmi ii#lto!#* *i In lltlfi.illpfi 

Uwt w&tor, Sll| 0 ^ l» nnl mo) i^iwl l» m m**m f t f s 

♦ten, wMlil in it tiiiitl to *® wntot *4 hy4mttam W» •li»l| 

w«4« »«fi toil to# xytttoio of 4h# *§ Im m to# h#? '*•*'» n 

*ntwton©M fifing i hlgti§#l Mfim lf%m % OX |* whnm t# wpni»* * w4 I o«f4»# 

(0#»X 8 )» Oil, and nttor llbi alMMMnti. Tit#» wiili mmtf 

of the mdls of prl«lte Mid (for Iliu mutt# of lufitiin* tfmm%kww 4 um* ii | 1 4 we 

not utoiuil ill Uw fonaa II i» m idmt IM vaifowi pp#-^ # vm%%« k * btmm 

are poniblo by ton lo§» of waleftM wlii to f»*#w fatly laifnaltUig «f plweiitofla 

add, and m mm pointod m% to llie mA#> 



THE HALOGENS 


511 


$00°) or acting as an oxidiser, periodic acid first gives iodic acid, but it 
may also be ultimately decomposed. 

Compounds formed between chlorine and iodine must be classed 
among the most interesting halogen bodies. 86 These elements com¬ 
bine together directly with evolution of heat, and form iodine 
monochloride; 1C1, or iodine trichloride , IC1 3 . 87 As water reacts on 
these substances, forming ‘ iodic acid and iodine, they have to be pre¬ 
pared from dry iodine and chlorine. 88 Both substances are formed in a 
number of reactions ; for example, by the action of aqua regia on iodine, 
of chlorine on hydriodic acid, of hydrochloric acid on periodic acid, of 
iodine on potassium chlorate (with the aid of heat, <fcc.) Trapp obtained 
iodine monochloride, in beautiful red crystals, by passing a rapid 
current of chlorine into molten iodine. The monochloride then distils 
over _ and solidifies, melting at 27° By passing chlorine over the 

06 With respect to hydrogen, oxygen, chlorine, and other elements, bromine occupies 
an intermediate position between chlorine and iodine, and therefore there is no particular 
need for considering at length the compounds of bromine This is the great advantage 
of a natural grouping of the elements. 

87 They were both obtained by Gay-Lussac and many others. Recent data respect¬ 
ing iodine monochloride, IC1, entirely confirm the numerous observations of Trapp 
(1854), and even confirm his statement as to the existence of two isomeric (liquid and 
crystalline) forms (Stortenbeker). With a small excess of iodine, iodine monochloride 
remains liquid, but -in the presence of traces of iodine trichloride it easily crystallises. 
Tanatar (1898) showed that of the two modifications of IC1, one is stable, and melts at 
27° ; while the other, which easily passes into the first, and is formed in the absence of IClj, 
melts at 14°. Schiitzenberger amplified the data concerning the action of water on the 
chlorides (Note 88 ), and Christomanos gave the fullest data regarding the trichloride. 

Alter being kept for some time, the liquid monoohloride of iodine yields red deliques¬ 
cent octahedra, having the composition IC1 4 , which are therefore formed from the mono¬ 
chloride with the liberation of free iodine, which dissolves in the remaining quantity of the 
monochloride. This substance, however, judging by certain observations, is impure iodine 
trichloride. If 1 part of iodine be stirred up in 20 parts of water, and chlorine be passed 
through the liquid, then all the iodine is dissolved, and a colourless liquid is ultimately 
obtained which contains a certain proportion .of chlorine, because this compound gives a 
metallic chloride and iodate with alkalis without evolving any free iodine: IC1 5 + GKHO 
«5ICC1 + KlOg + 8H 2 0 The existence *of a pentochloride ICI 5 is, however, denied, 
because this substance has not been obtained in a free state. 

Stortenbeker (1888) investigated the equilibrium of the system containing the mole¬ 
cules I 3 ,101, IC1 5 , and Cla, in the same way that Roozeboom (Chapter X. Note 88 ) examined 
;the equilibrium of the molecules HC1, HC1,2H 2 0, and H^O. He found that iodine 
monochloride appears in two states, one (the ordinary) is stable and melts at 27 0, 2, whilst 
the other is obtained by rapid oooling, and melts at 18 0, 9, and easily passes into the 
first form. Iodine trichloride melts at 101° only in a closed tube under a pressure of 16 
atmospheres. 

88 By the action of water on iodine monochloride and trichloride a compound IHC1 2 
Is obtained, which does not seem to be altered by water. Besides this compound, iodine 
iand iodio acid are always formed, 10IC1+3H 2 0=HIO 3 + 5IHC1 2 + 2 I 2 ; and in this respect 
jiodin© trichloride may be regarded as a mixture, IC1 -f IC1 5 = 2 ICI 5 , but IC1 5 + 8 EUQ 
j=IHO 3 + 6 HC 1 ; hence iodic acid, iodine, the compound IHC1 2 , and hydrochloric aeid 
are also formed by the action of water. 
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crystal! of the monochloride, it ii easy to obtain iodine trichloride to 
orange crystals, which melt at 31* and v»*ktilhe at 17 \ hut in an doing 
docompone (into Cl* and €11)* The chemical preptilm of theta 
chlorides entirely tusomblo those of chlorine ami iodine, as would It# 
expected, because, la this instance, a combination «f similar mh tanres 
has taken place as la the format lost of miltitmiw t *r till»y»- Thus, (m 
Instance, the uns&tumtad hydrocarbons (for example, 0*H*h which 
nr© capable of directly coinbilling with chlorine mi iodine, also dkoctly 
oombino with iodine umnochloridta 
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SODIUM 

The neutral salt, sodium sulphate, Na 2 S0 4 , obtained when a mixture of 
sulphuric acid and common salt is strongly heated (Chapter X.), 1 forms 
a colourless saline mass consisting of fine crystals, soluble in water. It 
is the product of many other double decompositions, sometimes carried 
put on a large scale ; for example, when ammonium sulphate is 
heated with common salt, in which case the sal-ammoniac is volatilised, 
&c. A similar decomposition also takes place when, for instance, a 
mixture of lead sulphate and common salt is heated ; this mixture 
easily fuses, and if the temperature be further raised heavy vapours of 
lead chloride appear. When the disengagement of these vapours ceases, 
the remaining mass, on being treated with water, yields a solution of 
sodium sulphate mixed with a solution of undecomposed common salt. 
A considerable quantity, however, of the lead sulphate remains un¬ 
changed during this reaction, PbS0 4 + 2NaCl =PbCl 2 + Na 2 S0 4 , the 
vapours will contain lead chloride, and the residue will contain the mix¬ 
ture of the three remaining salts. The cause and nature of the reaction 
are just the same as were pointed out when considering the action of 
sulphuric acid upon NaCl. Here too it may be shown that the double 
decomposition is determined by the removal of PbCl 2 from the sphere of 
the action of the remaining substances. This is seen from the fact that 
sodium sulphate, on being dissolved in water and mixed with a solution 
of any lead salt (and even with a solution of lead chloride, although 
this latter is but sparingly soluble in water), immediately gives a white 
precipitate of lead sulphate. In this case the lead takes up the 
elements of sulphuric acid from the sodium sulphate in the solutions. 

1 Whilst describing in some detail the properties of sodium chloride, hydrochloric acid, 

. and sodium sulphate, I wish to impart, by separate examples, an idea of the properties 
of saline substances, but the dimensions ol this work and its purpose and aim do not 
permit of entering into particulars concerning every salt, aoid, or other substance. The 
fundamental object of this work—-an account of the characteristics of the elements 
and an acquaintance with the forces act lag between atoms—lias nothing to gain from 
the multiplication of the number of as yet uugeneralised properties and relations. 
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from others already prepared are so general, that in describing a given 
salt there in no necessity to enumerate the cases hitherto observed of 
its being formed through various double decompositions. 3 The possi¬ 
bility of ibis occurrence ought to bo foreseen according to Borthol let’s 
doctrine from the properties of the salt in question. On this account 
it is important to know the properties of salts ; all the more so because 
up to the present time those very properties (solubility, formation of 
crystallo-hydrates, volatility, <feo.) which may be made use of for sepa¬ 
rating them from other salts have not been generalised. 4 These pro¬ 
perties as yet remain subjects for investigation, and are rarely to 
be foreseen. The orystallo-hydrate of the normal sodium sulphate, 
Na 2 SO 4> l0II 2 O, very easily parts with water, and may be obtained 
in an anhydrous state if it be carefully heated until the weight re¬ 
mains constant; but if heated further, it partly loses tho elements of 
sulphuric anhydride. Tho normal salt fuses at 843° (rod heat), and 
volatilises Co a slight extent when very strongly heated, in which case it 
naturally decomposes with the evolution of 80 a . At 0° 100 parts of 
water dissolve 5 parts of the anhydrous salt, at 10° 9 parts, at 20° 19*4, 
at SO® 40, and at 34° 55 parts, the same being the ease in the presence of 
an excess of crystals of Na^SO^lOHgO.* At 34° the latter fuses, and the 
solubility decreases at higher temperatures. 3 A concentrated solution 
at 84° has a composition nearly approacning to Na 2 S0 4 4* 14H 2 0, 

5 Tho ealte may bo obtained not only by methods of substitution of various kinds, but 
also by many other combinations?. Thus sodium sulphate may bo formed from sodium 
oxide and sulphuric anhydride, by oxidising sodium sulphide, Na^S, or sodium sulphite, 
NogSOg, &q. When sodium chloride is heaved in a mixture of the vapours of water, air, 
and sulphurous anhydride, sodium sulphate is formed. According to this method (patented 
by Hargreaves and Eobinson), sodium sulphate, Ns^SO* is obtained from NaGl without the 
preliminary manufacture of H 9 S0 4 , Lumps of NaCl pressed into bricks are loosely packed 
into a cylinder and subjected, at a red heat, to the action of steam, air and 8<V Under 
the io conditions, HC1, sulphate, and a certain amount of unaltered NaOl are obtained. 
This mixture in converted into soda by Gossago's process («<M Note 15) and may have 
some practical value. 

* Many observations have boon mode, but little general information has boon obtained 
from particular oases. In addition to which, tho properties of a given salt aro changed 
by tho presence of other salts. This takes place not only in virtue of mutual decomposi¬ 
tion or formation of double salts capable of separate existence, but is determined by the 
influence which some salts exert on others, or by forces similar to those which aot during 
solution. Hero nothing has boon generalised to that extent which would render it 
possible to predict without previous investigation, if there bo no close analogy to help 
m Let u» state one of these numerous eases t 100 parte of water at 20° dissolve 
$4 parti of potassium nitrate but on the addition of sodium nitrate the solubility of 
potassium nitrate increases to 48 parts in 10 of water (CorneUey and Thomson). In 
general, in all oases of which there are accurate observations it appears that the 
pmsenoe of foreign suite changes tho properties of any given salt. 

* The information concerning solubility (Chapter I.) is given according to the deter¬ 
minations of Gay-Lussac, Lovell, and Mulder. 

e In Chapter L, Note 94, we have already man that with many other sulphates the 
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of sodium sulphate there are only crystals of that hoptahydrated salt 
(Chapter I., Note 54), Na a S0 4 ,7H 2 0, which is formed from saturated 
solutions, thou saturation sets in when tho solution has the follow¬ 
ing composition per 100 parts of salt: at 0° 19-6, at 10° 30*5, at 20 s 
44*7, and at 25° 52*9 parts of anhydrous salt. Above 27° the 
hoptahydrated salt, like tho docahydrated salt at 34°, splits up 
into the monohydrated salt and a saturated solution. Thus sodium 
sulphate has three curves of solubility : one for Na 2 S0 4 ,7n 2 0 (from CP 
to 26°), one for Na a SO 4 ,10H 2 O (from 0° to 34°), and one for 
Na a S0 4 ,H a O (a descending curve beginning at 20°), because there are 
three of these crystallo-hydrates, and tho solubility of a substance 
only depends upon the particular condition of that portion of it which 
has separated from the solution or is present in excess. 8 

Thus solutions of sodium sulphate may give crystallo-hydrates of 
three kinds on cooling tho saturated solution : tho unstable hopta- 
hydratod salt is obtained at temperatures below 26°, tho docahydrated 
salt forms under ordinary conditions at temperatures below 34°, and 
the monohydrated salt at temperatures above 34°. Both the latter 
crystallo-hydrates present a stable state of equilibrium, and the hepta- 
hydrated salt decomposes into them, probably according to the equa¬ 
tion 3Na. i S0 4 ,7n 2 0 = 2Na*SO 4 ,10H a O 4* Na a S0 4 ,H a O. The ordinary 
docahydrated salt is called Glauber's salt. All forms of these crystallo- 
hydrates lose their water entirely, and give tho anhydrous salt when 
dried over sulphuric acid. 9 

Sodium sulphate, Na a 80 4 , only enters into, a few reactions of com¬ 
bination with other salts, and chiefly with salts of the same acid, 
forming double sulphates. Thus, for example, if a solution of sodium 

8 From this example it i$ evident tho notation remains unaltered until from the 
contact of a solid it becomes either saturated or supersaturated, crystallisation being 
determined by the attraction to a solid, a@ tho phenomenon of auperaaturation clearly, 
domomtlmtou. Thin partially explains certain apparently contradictory determinations 
of solubility. The bent investigated example of such complex relations is cited in 
Chapter XIV., Note 60 (for CaCl-j. 

8 According to Piokoring’n experiment (1H80), the molecular weight in grams (that 
f«, 14'J grams) of anhydrous sodium sulphate, on being dimtulved in a largo maun of water, 
at CP absorbs (hence the — sign) — 1,100 hoal uni In, at 10 “ • 700 , at 15°— 275, at 20° 
gives out 4* *25, at *25° 4 800 calories. For tho docahydrated salt, Na a S0 4 ,l()lI a 0, 
8 °-*4,*2*25, 10 °-4,000,15°-8,570, 20 °-8,100, 35 u -*‘2,775. Hence (just m in Chapter I., 
Koto 80) tho heat of tho combination Na^O 4l 10H 3 O at 0°«+8,125, 10°-« + 8,250, 
+8/200, and 28° * +8,060. 

It ii evident that the docahydrated Halt dissolving in water given a decrease of tempera¬ 
ture. Solutions in hydrochloric acid give a still greater decrease, because they contain 
'tei© water of crystallisation in a solid state—that is, like ice—and thin on melting absorb* 
hmX A mixture of 15 parts of N%SD 4 ,10H. i O and 12 parts of 'strong hydrochloric acid' 
produce* sufficient cold to froexo water. During tho treatment with hydrochloric acid 
4 certain quantity ol sodium chloride it formed. 
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sulphate thus formed, being a very sparingly-sohible salt, is obtained as 

a precipitate, whilst the sodium hydroxide, or salt, NaX, is obtained in 

solution, because all salts of sodium me soluble. Berthollet's doctrine 
permits all such coses to be foreseen 

The reactions of decorrymition of sodium sulphate are above all 
noticeable by the separation of oxygon. Sodium sulphate by itself is 
very stable, and it is only at a temperature sufficient to melt iron that it 
is possible to separate the elements SO* from it, and then only partially. 
However, the oxygen may be separated from sodium sulphate, as from* 
all other sulphates, by means of many substances which are able to 
combine with oxygen, such as charcoal and sulphur, but hydrogen is 
not able to produce this action. If sodium sulphate bo heated with 
charcoal, then carbonic oxide and anhydride aro evolved, and there is 
produced, according to the circumstances, either the lower oxygon 
compound, sodium sulphite, Na a S0 8 (for instance, in the formation 
of glass) ; or else the decomposition proceeds further, and sodium 
sulphide, Na a S, is formed, according to the equation Na a S0 4 4 * 20 
• 200 s 4- N%0. 

On the bast® of this reaction the greater part of the sulphate of 
•odium prepared at chemical works is converted into soda ash —that is, 
sodium carbonate^ Na a C0 3 , which is used for many purposes. In the 
form of carbonates, the metallic oxides behave in many cases just as 
they do in the state of oxides or hydroxides, owing to the feeble acid 
profmrtiea of carbonic acid. However, the majority of tho salts of 
carbonic acid are insoluble, whilst sodium carbonate' is one of tho few 
soluble salts of this acid, and therefor® reacts with facility. Hence 
sodium carbonate is employed for many purposes, in which its alkaline 
properties come into play. Thus, even under the action of feeble 
organic acids it immediately parts with its carbonic acid, and gives 
a sodium salt of tho acid taken. Its solutions exhibit an alkaline’ 
reaction on litmus. It aids tho passage of certain organic substances 
(tar, acids) into solution, and is therefore used, like oaustio alkalis and 
soap (which latter also acts by virtue of the alkali it contains), for 
the removal of certain organic substances, especially in bleaching 
notion and similar fabrics. Besides which a considerable quantity 
tof sodium carbonate is used for the preparation of sodium hydroxide 
or oaustio soda, which has also a very wide application. In large 
chemical works where sodium carbonate is manufactured from Xa 2 S0 4 , 
It it usual first to manufacture sulphuric acid, and then by its aid to 
oonvert common salt into sodium sulphate, and lastly to convert the 
•odium sulphate thus obtained into carbonate and caustic soda. Hence 
the*) works prepare both alkaline substances (soda ash and caustio 
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on in rtmrlwraUiry furmern t iiitti wbivh » iiiiifurw of |^«i« t»f 

Ptll|illfll*\ 1,040 P»r?» tif mlrillfll rarlstffiAtrt fmu % %t*rwwhnl 
|K>nma limitutono), and itlll j»art« of »timll rml i# inf r«In, M h*m »1 
Tlili tttixtttfo k first Ittmtitl in flip |wrti»*» «f fli« fwm» o »lnr|i ; ; 

11 riOdiiiii Iil{itirt^ # C #i # 111# Mm? «il| H t#» »ti4» . -j i! h n t i# 

dotHimikWHl % II C0f»|ibif 1 f* f # *«# t It^i, I o 

l« «, v«y neiit If mtefam m%4mUU m |®.| * n I f * t w * , I * # ? #f 
bi*puelpl^il, t»ft »»lftte «|iuIil # ri»iB will 1 1 > b#4* »l ttn «*# - oo*»'4iVI 

r*Wftl#yiuiwb*4*gwl. Wip^ » |?im|ini *4 if « t »| <^ 4 ,4 # || M |, 

Thpw»fr»n»» If to M«?k *»b tl» Imi# #*i « 4 f it,^ 

wiwltl tm lii <w»toU<m Mindly to toil tury biitol I # iv- Pwiift 

fMtow »f ®4 hIiuw tMurbutud# Ikt id ^ to 

Wvo town Iiwto IUW ut (m **hn t>% mA it## mm to fc. 0 il* §!♦# 

9R<JhauKftftbk product 0ft0 t 9fm TOu wa« ir«i t* # #i» 

tort lb«v» to m» «v Utom «f Ito li«l»piAiii 
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.furthest removed from the fire-grate; it is then brought to tho portion 
nearest to the fire-grate, when it is stirred during heating. The 



ft®. C8.—Eevorlwatonr furnace for the manufacture of sodium carbonate. F» grate* A. bridge. 
M, hearth for the ultimate calcination of the mixture of sodium sulphate, coal, and calcium car¬ 
bonate vmicl\ is obarged from above Into the port of tho furnace furthest removed from tho Are F. 
F, F, doors for stirring and bringing the mass towards the grate P by means of stirrers It. At the 
end of tho operation the semi fused mass is charged into trucks 0. 


partially fused mass obtained at the end of the process is cooled, and 
then subjected to methodical lixiviation 18 to extract the sodium car- 

15 Methodical lixiviation is the extraction, by means of water, of a soluble substance 
from the mass containing it. It is carried on so as not to obtain weak aqueous solutions, 
and in such a way that the residue shall not oontoin any of the soluble substanoe. This 

problem is practically of great importance in many industries. It is required to extract 
from the mass all that is soluble in water. This is easily ©fleeted if water be first poured 



Pi®, it.—Apparatus for the methodical lixiviation of black ash, dec. Water dews into the tanks 
from the pipe® r, r, and the saturated liquid it drawn off from e. e. 


on the mats, the strong solution thus obtained decanted, then water again poured 
on, lime being allowed for it to act, then again decanted, and to on until fresh 
water does not take up anything. But then finally such weak solutions are obtained 
that It would b<) very disadvantageous to evaporate them. This is avoided by pouring 
the fresh hot water destined for the lixiviation, not onto the fresh mass, but upon a mas® 
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The above-mentioned proeosa for making soda was discovered in the 
year 180K by the French doctor Leblanc, and is known as the Leblanc 
pmcasH. Tho particulars of the discovery are somewhat remarkable. 
Sodium carbonate, having a considerable application in industry, was 
for a long time prepared exclusively from the ash of marine plants 
(Chapter XL, page 497). Even up to the present time this process is 
carried on in Normandy. In France, where for a long time the manu¬ 
facture of largo quantities of soap (so-called Marseilles soap) and various 
fabrics required a large amount of soda, the quantity prepared at the 
coast was insufficient to meet the demand. For this reason during 
the war® at the beginning of the century, when the import of foreign 
goods into Franco was interdicted, the want of sodium carbonate was felt. 
The French Academy offered n prize for the discovery of a profitable 
method of preparing it from common salt Leblanc then proposed the 
above-mentioned process, which is remarkable for its great simplicity. 18 

oolutkm of mugutmium chloride obtained i» again used, and the washed calcium sulphite 
I» brought lute contact at a low temperature with hydrochloric add (ft weak aqueous 
solution) and hydrogen aulphide, the whole of the sulphur tb®a separating j 

CftSOg + iH 9 84*SHCl - CftCk + 8B|0 + SS. 

But most cHortft hare been directed towards avoiding the formation of soda 

waste*. 

»* Among the drawbacks of the laddaue procciw arc tho accumulation of 'coda 
waste 1 (Nut** H) owing to the impmtnibility at the comparatively low price of sulphur 
(aspeclslly in tho form of pyrites) of finding employment for the sulphur and sulphur 
ernnpoundM for which this waste is sometime* treated, and also tho insufficient purity 
of the sodium carbonate for many purposes. The advantages of the Leblanc process, 
besides its simplicity and cheapness, am that almost the whole of the acids obtained 
as bymprodueta have a commtrelid value; for chlorine and bleaching powder arc 
produced from thii largo amount of hydrochloric add which appears as a bye-product; 
cauitic scute also is very cosily made, and the demand for It Increases every year. 
In those pitmen whore salt, pyrites, charcoal, and limestone (the materials required 
for alkali work«) tiro found side hy side—an, for instance, In the Ural or Don 
districts! -condition*! arts favourable to tho development of the manufacture of sodium 
oartaumte cm nn enormous scale; and whore, as in the Caucasus, sodium sulphate 
occurs naturally, tho conditions art* still raoro favourable. A largo amount, however* 
of tho latter wilt, oven from soda works, k used in making glass. The most important 
soda works, a« regards the quantity of product* obtained from them, are the English 
works. 

An an example of thn other numerous and varied methods of manufacturing soda 
from sodium chloride, tho following may he mentioned; Sodium chloride i« dceom* 
|ti*i«d by oxide of load, i*bO, forming lead chloride and sodium oxide, which, with carbonic 
anhydride, yields sodium carbonate (Beheele’s present#). la Cornu's method sodium 
chloride is treated with lime, and then exposed te the air, when It yields a, small 
quantity of sodium carbonate. In K. Kopp's proeam sodium sulphate (135 parti) I*mixed 
with «id#i of iron (ict parts) awl dmreoal (IS parts), and the mixture if heated In reverb#* 
rafcory favnaeas. Kern k compound, li termed, which l» insolttbts fa water* 

absorb* oxygen and carbon!® anhydrido, ami then term® tedium oavbonate and fteswat 
sulphide ? thin when mated glm$ sulphurous anhydride, the tetfWNMltti ro a t a ri ap 
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Of all other Industrial primw for infinufacturtttg *wl»um earl»aimi^ 
the mmumux pmtm$ In the newt worthy of uwut’nm w In this the 
vapour* of mmuonui, and thou mi ntrrm «f 4'arl»>tuc Anhydride, are 
directly introduced into a concentmtod mAutum «»f fc«hum chloride in 
order to form the mid atmiiioaiiiiii N Ii 4 Ilt^ llnm, by 

moans of the double saline decomposition of tins m It, sodium chloride is 
decomposed* and iu virtue of it* slight solubibty arid mnlmm «irk>nM% 
N&HOOgj ia precipitated anti mummuum chloral**, NH*f1, m c»ht*mud 
In solution (with a portion of the sodium chloride and acid sodium 
Qttrbonntc). The reaction |»m*w-fSiIn the solution owtu* flu tint apering 
solubility of the NnIIC *< l 4 according U* the equation Nal 1 t N Ij 

• NH 4 Cl 4 - NallOOj, The ammonia $» recovered from tin* notation 
by besting with lime or magnesia,* 4 u * ami the precipitated mkl stadium 
osrbonste Is converted into the normal sail by heating. it k thus 
obtained in ft very pure state.** 

for ft« msattfaeture of »tslj*t«irlis twi« mid ftrrft mn*t# I# «t*m nmA in ft# 

proo*M» In Orwtl 1 # mathac! mtdimn is inft mnimm *ml|44*s sad 

ft« I&tftr i« dsoptnpoMMl by a ulrwutt of tmhmrn «i»fcy*t«*t# «m 4 *ft#a», wb«tt Sifr*ltfip». 
•ulphida Is Mid Mximtn rorftsuift tb*s#m* ptnptwm N%W tnm 

N«f 8 C >4 (by basting li with «**!**»), th*m*bem il in m4 mb}*/#*# ft« k» ft# 

8 #i»on of «i $xmm 4 CO* l» ©wit* Umm% thus ttfetAJtfttg U*N I* g«# *ht#ti gwm i<l f 
tt&dbr prfttei mmbwitlatnnr sulphur whm mmmmphimkf EX , Not# if *ad 

Iftssbonataof sodium l N%1 ♦ SCO*♦ 111*0^ ti«H ♦ tf INrftij Th# kit**# tit## sad 
C 0 | whm TblspruMMiiuftftshmiiisft# ft# f* wm*%»m * f * 4* w«*t» i##-# Not* Sf 
sad nIumIA itt »y !sfM«t %m •ttltebi# $m tim ItmUmmt »*l mUww ti|» ifcrt 

whteh is feuad ia ft* Caucasus* til ths nuuu dnm II t # «H«w* •»l|*l«if •» » t*jr* 

Hgpifttcil sftorte feat# hum «ns4s In linn** i«i •**!» f«*wt vbi«»riff*t mm 
0\mp%m St/Knto If from «rf «*li |C fe |i#|.|®r X * h t« Sit »4.% ili» 

of mi alaotria oarruttl, hut imlll mm limm m*ilis4» tww n»4 t«*s» w»f k«4 <&fii 
for pmottaftl nm t nrfil»l»ly imrlli <mmg n* the m*tnpUm%ml ummU*!, «m*4 tlw 

fact that ill* ahlarms fi»#n wff »t iti* ao»4« tli* l#« 4«» mi*\ mi*I bus 

but a limitwl ifiiltialfial a|i|ili»t4»», W«* mmf tl»t mmmfnUmg b* ll»is»|»t fitful 

atnlft m i« U*|Kmik4 mhm un abatft* m4 a ttew*!* «f caftwau* ♦b*4 km 

ar* tlm*iifli »imturatsU »f Nat*t, 

SotUum AurbmMiii taay lihewi*# I*p ubtotimfi fmm eryaltls lCti*|»l«f XVII, Nt»l» Si) 
ft* muftad at tasatins this will h* ftnmtlan»if Alamiaoan. 

IS This pcootM (flliiipter XVII | w*« ftftt v*it b$ T»f«l s mil t»f 

sod Sa*lly nppMi hy tttdvsy. Tli» ftt*t U«aii l*fg« «rmU IdutwcMiu 

s^satud ia watldas tWa *f# i.ii il## !*?.!#»I ih* hm m %i 

»uis Oaidi% f»I ft Imliixtt^. Hut ltua*l&* wHbti #illl U*>n* atf»*#4 a 

lings qustttity «f hksd^sg powdsr «i4 s«|»Mi a !•*««» «mmtat t4 t«f#» muni 

of all work* esurryiaf ea ft# pmmm t® $m * f*# *+% *4 Ity# mm 

«iot#i by F. E. 0»»bkttff* on ft# nssr Klsgtmbi. 

11 !*• Mead {### Cbapftr XI.* Haft S fe»| ft# $mm ft# mm bud m4m» 

«ooi by ee©M»| (Otoptef X** Nat# 4t| t %mt## tl» nut «mt4 

Of«r HgO, sad so riKobtsittft ft# Nil* and ft»*tii» MgCt; ft# t**tm*t %*m* ImU bar fte 
ttttufMtw of «Uto fta latter la #iii!iIp |»4 aMusr fuf llil ia tT* 

17 Vmmmm m*h mk {«W^ k I# »lf pm* * ft# rfy»l*SH«p4 #4* i* 

^ottmUy jpwtr. la ester ft pirify It farttfe«r» It I* fe«^ ft M % of 

mM aft matil two»ftM» ©f ft# l%nil miiiiii, ft* wlitli w*4i with 
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Sodium carbonate* like sodium sulphate* loses mil its water on 
being heated, and when anhydrous fuses at a bright-red heat (1098°). 
A small quantity of sodium oarkmate placed in the loop of a platinum 
wire volatilises in tho heat of a gag flame, and therefore in the furnaces 
of glues works part of tho soda is always transformed into tho Condition 
of vapour. Sodium carlxmate resembles sodium sulphate in its relation 
to water. lH Here also the greatest solubility m at tho temperature of 
37° * both salts, on crystallising at the ordinary temperature, combine 
with ten molecules of water, and such crystals of soda, like crystals of 
Glauber's salt, fuse at 34° Sodium carbonate alio forms a super¬ 
saturated solution, and, according to the conditions, gives various com¬ 
binations with water of crystallisation (mentioned on page 108), Ac. 

At a red heat superheated steam liberates carbonic anhydride from 
sodium carbonate and forms caustic soda, Na a C0 3 + II./) *= 2Nal£0 
•f CO a . Here the carbonic anhydride is replaced by water ; this depends 
on the foebly acid character of carbonic anhydride. By direct heating, 
sodium carbonate is only slightly decomposed into sodium oxide and 
carbonic anhydride; thus, when sodium carbonate is fused, about 
1 per cent, of carbonic anhydride is disengaged. 1 * The carbonates of 
many other metals—for instance, of calcium, copper, magnesium, iron, 
Ac. — on being heated lose all their carbonic anhydride. This shows 

cold water, mvd then shako up with a strong solution of ammonia, pour off tho residue, 
and heat. Tho impurities will then remain in the mother liquors, Ac. 

Bonn) numerical data may be given for Medium carbonate. The specific gravity of tho 
anhydrous salt ii S*48, that of the dtmhydratiKl salt 1*40. Two varieties are known of 
tho h©pWhydfftt«l salt (Mwl, Marignao, B&mmelsberg), which are formed together by 
allowing a saturated notatlo® to cod sndir a layer rtf alobhol; tho one is loss stable (like 
th# CKwresponding sulphate) and at 0° ha® a soluMItyrtf W parts (of anhydrous aalt) in 100 
water ; the ether is mor® stable, mi it® solubility 80 parts (rtf anhydrous salt) per 1Q0 of 
water. The solubility of tho deo&hy&rated salt in 100 water •at 0°, 7*0; at 80°, 81*7f at 
•0°, 37*8 parts (of anhydrous salt). At 80° tho solubility it only 46*1, at 80° 40*7, at 300®, 
43*4 parts (of anhydrous salt). That is, it fill* as the temperature rises, Hko Na^SO*. 
toao upeolfio gravity (Note 7) of the solutions of sodium carbonate, according to the data 
of Oorlach and Koldrausoh, at 15°/4° is expressed by tho formula, $m 9,008 + I04*0p 
4*0*16%®. Weak eolation® occupy a volume not only lose than tho sum of tho volume# 
of the anhydrous salt and the Water, but ©von lot® than tho water contained in tlwm. For 
Instance, 1,000 grams of a % p.o. solution occupy (at 10°) a volume of 090*4 c.e. (up. gr. 
1*0087), but contain 090 grams of water, occupying at 15° a volume of 990*8 o.o. A 
tfxnUar case, which is comparatively rare occurs also with sodium hydroxide, in those 
dilute solutions for which the factor A is greater than 100 if the up. gr. of water at 4°«« 
100,000, and if tho up. gr. of the solution be expressed by the formula $«»/& * Ap + Bp\ 
vtae S§ I# the specific gravity of tho water. For 0 p.o. the sp. gr. 10°/4°*» 1*0090; for 10 

I'1W71 for 10 p.o. 1*1008, The changes in the up. gr. with the temperature aw 
hat almost the same as with solutions of sodium chloride with an equal value of p 

w The rossmblanos is so great that, notwithstanding tho difference in the molecular 
4ompo«dtirtu of N&gSO* and N%C0 5 » they ought to be classed under the type (NaOfoB, 
whore It • 80a m OO. Many other sodium salts also contain 10 mol, H*0. 

19 According to the observations of Pickering. According to Bose, wh m solution® of 
©odium caitoite $m bolted ^certain amount of oarbonio anhydride is disengaged. 
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the ooualdtorable basic energy which sodium With the 

soluble salts of mmi xnetala, cjirfamoto given |ir«d§4tot«i 

either of insoluble carbonates of flt« iiw 4 «b§, nr dm nf the hydroxides 
(in this latter ease carboiue anhydride in , f,*r in. 

stance, with barium fed is It §tfwtpiteifr« mi inviluhb* temum ear* 
bonato (BitClj 4 * Na 4 0 O 4 r» 2 Na<T * Bu< ‘*M end with th»» alumininm 
salts It precipitates aluminium hydro* id*», wto*i»** anhydride Imttg 
4 iicn^gdl SNa^O, 4 .$ :UI 5 n JNo ; Sm 4 * Al(« HI), 

4* 3 CO a . Radium carbonate, like all the rah a of t\4?tf»»me arid, evolves 
carbonic anhydride cm treat men! with all acids which am to any extent 
energetic, But If an acid diluted with titer be gradually m\im\ to a 
solution of sodium carbonate, mi jCrtt such an evolution dew* not taka 
place, bmvie the excess of the e&rbonir anhydride forms arid sodium 
owrbcmato (sodium bicarbonate), H»H0o Ja f?J The nekl sodium 
carbonate It an unstable null Not only when heated alone, hut mm 
on being slightly heated in solution* and also at the ordinary 
temperature In damp air, It Imm cajrboiite anhydrides mi forms the 
normal salt And at the mine Ilian it la easy to obtain it in m pure 
crystalline form, if a strong elation of sodium carbonate \w cooled and 
a stream of carbonic anhydride gas pnasml through It, The mkl salt 
li lass soluble In water than the normal, 1 * anil therefore a strung 

#> The scsapesitfaii «f this Silt* b**w«**# # ms| h* wpmmnbA m * 
el ssiboais sett* 11*00*, wfah ftfes nonasl safe, |«#i #* ilt* 1*11*# *!•« «*!, 

bfass with miter* SuA a o«mbfa*tk*n it all tint m«*» tifcsty Imtmmm fii ili»#* «*fai« 
asattsir «afa» (m*Unm mktmimml by pmtom 

a belling wMfaa &t sedirnm c# by t**mi*g till# m%% »iili ili» tmmA 

edit I but tlm farmola at till* mII t«iti«t to *t#m#4 tmm UmI *4 mmmd «m?b«mis 
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solution of the latter gives crystals of the acid salt If carbonic 
anhydride bo pawed through it. The acid salt may be yet more 
conveniently formed from effloresced crystals of sodium carbonate, 
which, on Ixdng considerably heated, very easily almorb carbonic anhy¬ 
dride.* 1 The acid salt crystallises well, but not, however, in such large 
crystals as the normal salt ; it has a brackish and not an alkaline taste 
Ilk© tlxafc of the normal salt; its reaction is feebly alkaline, nearly neutral. 
At 70° It® solution begin® to 1os© carbonic anhydride, and on boiling the 
evolution becomes very abundant. From the preceding remarks it is 
dear that in most reactions this salt, especially when heated, acts 
Similarly to the normal salt, but has, naturally, some distinction from 
It. Thus, for example, if a solution of sodium carbonate bo added to a 
normal magnesium salt, a turbidity (precipitate') is formed of magnesium 
oarbonato, MgOO a . No such precipitate is formed by the acid salt, 
because magmwium carbonate is soluble in tho presence of an excess of 
carbonic anhydride. 

Sodium carlxmato is used for the preparation of camtio $oda n — 
that is, the hydrate of sodium oxide, or lie alkali which correspond* 
to sodium. For this purpose the action of lime on a solution of 
sodium carlxmato is generally made use of. The process is as follows t 
a weak, generally 10 per cent., solution of sodium carbonate is taken,* 1 


fee latter. Tho nnl ability of tho bi* or acid nu.lt varies with confelcrablo regularity, 
100 jmrtit of wafer dissolves at 18° 0 ports of fee Holt, at 80° 11 parte, 

Tho ammonium, and mom eupooioUy tho calcium, Halt, in much more (soluble in water. 
Tim ammonia process («w p, 804) it founded upon thin. Ammonium bicarbonate (arid 
carbonate) at 0 V bat a solubility of IS parts In 100 water, at 80° of 97 part®. The solu¬ 
bility therefore increase* very rapidly with the temperature. And It® saturated solution 
la more stable than a wlntlon of sodium bicarbonate. In feet, indurated solutions of 
these Salta have a gaseous tension Who that of a mixture of oarbonio anhydride end watei'— 
namely, at 18° and at 80°, for the sodium salt 190 and 760 millimetres, for the 
salt 190 and 608 millimetres. These data are of great importance in understanding the 
phenomena connected with feo ammonia process. They indicate that with an increased 
pressure tho formation of the sodium salt ought to increase if there bo on excess of ammo¬ 
nium salt. 

n Crystalline sodium oarbonato (broken into lumps) also absorbs carbonic anhydride, 
but the water contained in tho crystals is then disengaged: NajCOs, 10 IT u O + COa 
m N%CO$, II 9 CO 5 +CllgO, and dissolves part of tho oarbonato ; therefore part of tho sodium 
carbonate passes Into solution together with all tho impurities. When it is roquhrod to 
avoid the formation of this solution, a mixture of ignited and crystalline sodium carbonate 
is taken. Sodium bicarbonate ii prepared chiefly for medicinal use, and is then often 
termed carbonate qftoda, also, for instanoe, in the so-caUed soda powders, for preparing 
certain artificial miners! waters, for the manufacture of digestive Idkonges like those 
made at Esscntuki, Vichy, <fee. 

m In chemistry, indium oxide if formed * soda/ which word must be carefully dlstfe* 
guishad from fee word sodium, meaning the metal. 

* Wife a small quantity of water, the reaction either does not take place, or oven 
proceed* in fee reverse way—feat fe, sodium and potatsium hydroxides remove citrbonio 
anhydride from enldum carbonate (liehig, Watson, MitschorUch, and others), The to 
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and boiled in a cast-iron, wrought-iron, or silver boiler (sodium hydrtac* 
ide does not act on these metals), and lime is added, little by little, 
during the boiling. This latter is soluble in water, although but very 
slightly. The clear solution becomes turbid on the addition of the lime 
because a precipitate is formed; this precipitate consists of calcium 
carbonate, almost insoluble in water, whilst caustic soda is formed and 
remains in solution. The decomposition is effected according to the 
equation Na 2 C0 3 + Ca(HO) a = CaC0 3 + 2]STaHO. On cooling the 
solution the calcium carbonate easily settles as a precipitate, and the 
clear solution or alkali above it contains the easily soluble sodium 
hydroxide formed in the reaction. 25 After the necessary quantity of 
lime has been added, the solution is allowed to stand, and is then 
decanted off and evaporated in cast or wrought iron boilers, or in silver 
pans if a perfectly pure product is required. 20 The evaporation cannot 

fluence of the mass of water is evident. According to Gerberts, however, strong 
solutions of sodium carbonate are decomposed by lime, whioh is very interesting if con¬ 
firmed by further investigation. 

25 As long as any undecomposed sodium carbonate remains in solution, excess 
of acid added to the solution disengages carbonic anhydride, and the solution after dilu¬ 
tion gives a white precipitate with a barium salt soluble in acids, showing the presenoe of 
a carbonate in solution (if there be ,-sulphate present, it also forms a white precipitate, 
but is insoluble in acids). For the decomposition of sodium carbonate, milk of lime 
—that is, slaked slime suspended in water—is employed. Formerly pure sodium hydrox¬ 
ide was prepared (according to Berthollet’s process) by dissolving the impure substance in 
alcohol (sodium carbonate and sulphate are not soluble), but now ths-t metallic sodium ban 
become cheap and is purified by distillation, pure caustic soda is prepared by acting on 
a small quantity of water with sodium. Perfectly pure sodium hydroxide may also be 
obtained by allowing strong solutions to crystallise (in the cold) (Note 27). 

In alkali works where the Leblanc process is used, caustic soda is prepared directly from 
the alkali remaining in the mother liquors after the separation of the sodium carbonate 
by evaporation (Note 14). If excess of lime and charcoal have been used, much sodium 
hydroxide inay.be obtained. After the removal as much as possible of the sodium carbon¬ 
ate, a red liquid (from iron oxide) is left, containing aodium hydroxide mixed with com¬ 
pounds of sulphur and of cyanogen {see Chapter IX.) and also containing iron, This red 
alkali is evaporated and air is blown through it, whioh oxidises the impurities (for this 
purpose sometimes sodium nitrate is added, or bleaching powder, &o.) and leaves fused 
caustic soda. The fused mass is allowed to settle in order to separate the ferruginous 
precipitate, and poured mto iron drums, where the sodium hydroxide solidifies. Such 
caustic soda contains about 10 p.c. of water in excess and some saline impurities, but 
when properly manu f actured is almost free from carbonate arid from iron. The greater 
part of file caustic soda, which forms so important an article of commerce, is manufactured 
in fiifa manner. 

36 Lowig gave a method of preparing sodium hydroxide from sodium carbonate by 
he ating it to a dull red beat with an excess of ferric oxide. Carbonic anhydride is given 
off, and warm water extracts the caustic soda from the remaining mass. This reaction, 
as experiment shows, proceeds very easily, and is an example of contact aotion nirm W 
to that of feme oxide on the decomposition of potassium chlorate. The reason 
of fins may be that a small quantity of the sodium carbonate enters into double decom¬ 
position with the feme oxide, and the ferric carbonate produced is decomposed into 
carbonic anhydride and ferric oxide, the action of which is renewed. Similar explana- 
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be conducted in china, glass, or similar vessels, because caustic soda 
attacks these materials, although but slightly. The solution does not 
crystallise on evaporation, because the solubility of caustic soda when 
hot is very great, but crystals containing water of crystallisation may 
be obtained by cooling. If the evaporation of the alkali be conducted 
until the specific gravity reaches 1*38, and the liquid is then cooled 
to 0°, transparent crystals appear containing 2NaH0,7H 2 0; they 
fuse at -f 6 0 . 27 If the evaporation be conducted so long as water is dis¬ 
engaged, which requires a considerable amount of heat, then, on cooling, 
the hydroxide, NaHO, solidifies in a semi-transparent crystalline mass, 28 
which eagerly absorbs moisture and carbonic anhydride from the air. 29 
Its specific gravity is 2*13, 30 it is easily soluble in water, with disen¬ 
gagement of a considerable quantity of heat. 31 A saturated solution 
at the ordinary temperature has a specific gravity of about 1*5, contains 
about 45 per cent, of sodium hydroxide, and boils at 130°; at 55° water 
dissolves an equal weight of it. 32 Caustic soda is not only soluble in 

tions expressing the reason for a reaction really add but little to that elementary con¬ 
ception of'contact which, according to my opinion, consists in the change of motion of the 
atoms in the molecules under the influence of the substance in contact. In order to 
represent this clearly it is sufficient, for instance, to imagine that in the sodium carbonate 
the elements C0 2 move in a circle round the elements Na^O, but at the points of contact 
with Fe^Os the motion becomes elliptic with a long axis, and at some distance.from Na^O 
the elements of C0 2 are parted, not having the faculty of attaching themselves to Fe 2 0 5 . 

27 By allowing strong solutions of sodium hydroxide to crystallise in the cold, 
impurities—such as, for instance, sodium sulphate—may be separated from them. The 
fused crystallo-hydrate 2NaH0,7H 2 0 forms a solution having a specific gravity of 1*405* 
(Hermes). The crystals on dissolving in water produce cold, while NaHO produces 
heat. Besides which Bickering obtained hydrates with 1, 2, 4, 5, and 7 H 2 0. 

28 In solid caustic soda there is generally an excess of water beyond that required by 
the formula NaHO. The caustic soda used in laboratories is generally cast in sticks, 
which are broken into pieces. It must be preserved in carefully closed vessels, because 
it absorbs water and carbonic anhydride from the air. 

29 By the way_it changes in air it is easy to distinguish caustic soda from caustic 
potash, which in general resembles it. Both alkalis absorb water and carbonic anhydride 
from the air, but caustic potash forms a deliquescent mass of potassium carbonate, whilst 
caustic soda forms a dry powder of efflorescent salt. 

30 As the molecular weight of NaHO = 40, the volume of its molecule =40/2*13 = 18*5, 
which very nearly approaches the volume of a molecule of water. The. same rule applies 
to the compounds of sodium in general—for instance, its salts have a molecular volume 
approaching the volume of the acids from which they are derived. 

31 The molecular quantity of sodium hydroxide (40 grams), on being dissolved in a 
large mass (200 gram molecules) of water, develops, according to Berthelot 9,780, and 
according to Thomsen 9,940, heat-units, but at 100° about 18,000 (Berthelot). Solutions 
of NaHO-fwBDjO, on being mixed with water, evolve heat if they contain less t h an 6H 2 0, 
but if more they absorb heat' 

32 The specific gravity of solutions of sodium hydroxide at 16°/4° is given in th&jshozt 
table below:— 

NaHO, p.o. . 5 10 15 20 80 40 

Sp.,gr. . . . 1*057 1*118 1*189 1*224 1*881 1*488 
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and evolve a smell of ammonia, owing to the caustic soda changing 
the gelatinous organic substance of the bones (which contains carbon^ 
hydrogen, nitrogen, oxygen, and sulphur, like albumin), dissolving it 
and in part destroying it, whence ammonia is disengaged. Pats, tallow, 
and oils become saponified by a solution of caustic soda—that is to 
say, they form with it soaps soluble in water, or sodium salts of the 
organic acids contained in the fats. 35 The most characteristic reactions 
of sodium hydroxide are determined by the fact that it saturates all 
acids, forming salts with them> which are almost all soluble in Water, and 
in this respect caustic soda is as characteristic amongst the bases as 
nitric acid is among the acids. It is impossible to detect sodium by 
means of the formation of precipitates of insoluble sodium salts, as may 
be done with other metals, many of whose salts are but slightly soluble. 
The powerful alkaline properties of caustic soda determine its capacity 
for combining with even the feeblest acids, its property of disengaging 
ammonia from ammonium salts, its faculty of forming precipitates from 
solutions of salts whose bases are insoluble in water, &c. If a solution 
of the salt of almost any metal be mixed with caustic soda, then a 
soluble sodium salt will be formed, and an insoluble hydroxide of the 
metal will be separated—for instance, copper nitrate yields copper* 
hydroxide, Cu(N0 3 ) 2 + 2NaHO = Cu(HO) 3 4- 2NaN0 3 . Even many 
basic oxides precipitated by caustic soda are capable of combining with 
it and forming soluble compounds, and therefore caustic soda in the 
presence of salts of such metals first forms a precipitate of hydroxide, 
and then, employed in excess, dissolves this precipitate. This pheno¬ 
menon occurs, for example, when caustic soda is added to the salts of 
alum in iu m . This shows the property of such an alkali as caustic soda 
of combining not only with acids, but also with feeble basic oxides. For 
this reason caustic soda acts on most elements which are capable of form¬ 
ing acids or oxides similar to them ; thus the metal aluminium gives 
hydrogen with caustic soda in consequence of the formation of alumina, 
which combines with the caustic soda—that is, in this case, the caustic 
alkali acts on the metal just as sulphuric acid does on Fe or Zn. If 
caustic soda acts in this manner on a metalloid capable of combining 
with the hydrogen evolved (aluminium does not give a compound with 
hydrogen), then it forms such a hydrogen compound. Thus, for instance, 
phosphorus acts in this way on caustic soda, yielding hydrogen phos¬ 
phide. When the hydrogen compound disengaged is capable of combin- 

The bones are mixed with ashes, lime, and water; it is true that m this case more 
potassium hydroxide than sodium hydroxide is formed, but their action is almost 
identical. 

® As explained in Note SS. 
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H 8 C0 3 ,» or sulphuric, H 2 S0 4 —the hydrogen may he exchanged, atom 
for atom, for sodium, and yield an acid salt by means of the first 
substitution, and a normal salt by means of the second—for instance, 
NaHS0 4 , and ]$ra 2 S0 4 , whilst such bivalent metals as calcium and 
barium do not form acid salts because one of their atoms at once 
takes the place of both hydrogen atoms, forming, for example, CaC0 3 
and CaS0 4 . 35bis 

We have seen the transformation of common salt into sodium 
sulphate, of this latter into sodium carbonate, and of sodium carbonate 
into caustic soda. Lavoisier still regarded sodium hydroxide as an 
element, because he was unacquainted with its decomposition with the 
formation of metallic sodium, which separates the hydrogen from water, 
reforming caustic soda. 

The preparation of metallic sodium was one of the greatest dis¬ 
coveries in chemistry, not only because through it the conception of 
elements became broader and more correct, but especially because in 
sodium, chemical properties were observed which were but feebly shown 
in the other metals more familiarly known. This discovery was made 
in 1807 by the English chemist Davy by means of the galvanic 
current. By connecting with the positive pole (of copper or carbon) 
a piece of caustic soda (moistened in order to obtain electrical con¬ 
ductivity), and boring a hole in it filled with mercury connected with 
the negative pole of a strong Volta's pile, Davy observed that on passing 
,the current a peculiar metal dissolved in the mercury, less volatile 
Ithan mercury, and capable of decomposing water, again forming 
caustic soda. In this way (by analysis and synthesis) Davy demon¬ 
strated the compound nature of alkalis. On being decomposed by the 
galvanic current, caustic soda disengages hydrogen and sodium at the 

» bis It might be expected, from what has been mentioned above, that bivalent metals 
would easily form acid salts with acids containing more than two atoms of hydrogen—for 
instance, with tribasic acids, such as phosphoric acid, H3PO4 —and actually such salts do 
exist; but all such relations are complicated by the fact that the character of the base 
very often changes and becomes weakened with the increase of valency and the .change 
of atomic weight; the feebler bases (like' silver oxide), although corresponding with 
!univalent metals, do hot form acid salts, while the feeblest bases (CuO, PbO, &c.) easily 
form basio salts, and notwithstanding their valency do not form acid salts which are in 
, any degree stable—that is, which are undecomposable by water. Basic and acid salts 
■ ought to be regarded rather as compounds similar to crystallo-hydrates, because such 
acids as sulphuric form with sodium not only an add and a normal salt, as might be ex- 

r ted from the valency of sodium, but also salts containing a greater quantity of acid. 

sodium sesquicarbonate we saw an example of such compounds. Taking all this into 
consideration, we must say that the property of more or less easily forming acid salts 
depends more upon the energy of the base than upon its valency, and the best statement 
, £a that the capacity of a base for forming add and basio salts is ckaracteristio, just 
4s the faculty of forming'compounds with hydrogen is characteristic of elements* 
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from tie charcoal 38 The chalk on being heated loses carbonic anhy¬ 
dride, leaving infusible lime, which is permeated by the sodium 
carbonate and forms a thick mass, in which the charcoal is intimately 
mitfed with the sodium carbonate. When the charcoal is heated with 
the sodium carbonate, at a white heat, carbonic oxide vapours of 
sodium are disengaged, according to the equation: 

N*a00 8 + 20 » Na a + 3C0 

On cooling the vapours and gases disengaged, the vapours condense 
Into molten metal (in this form sodium does not easily oxidise, whilst 
In vapour it burns) and the carbonic oxide remains as gas* 

In sodium works an iron tube, about a metre longhand a decimeter 



r&. 70.—Manufacture of sodium by Deyflfe’e process. A C # iron tube containing a mixture g£ 
Bod^ charooai, and obalk. B, condenser. 

In diameter, is made out of boiler plate. The pipe is luted into a 
furnace having a strong draught, capable of giving a high temperature^ 
and the tube is charged with the mixture required for the preparation 
of sodium. One end of the tube is closed with a cast-iron stopper A 
with clay luting, and the other with the cast-iron stopper C provided 

58 Since the close of the eighties in England, where the preparation of sodium is at 
present carried out on a large .commercial scale (from 1860 to 1870 it was only 
manufactured in a few works in France), it has been the practice to add to DevilleV 
mixture iron, or iron oxide which with the charcoal gives metallio and carbnretted iron, 
which still further facilitates the decomposition. At present a kilogram of sodium may 
fce purchased for about the same sum (2/-) as a gram cost thirty years ago. Castner, in 
England, greatly improved the manufacture of sodium m large quantities, and so 
cheapened it as a reducing agent in the preparation of metallic aluminium. He heated 
a mixture of 44 parts of NaHO, and 7 parts of carbide of iron in large iron retorts 
at 1,000° and obtained about parts of metallic sodium. The reaction proceeds 
more easily than with carbon or iron alone, and the decomposition o the NaHO proceeds 
according to the equation: 8NaHO + C = NaaCO s +8H+Na. Subsequently, in 1891, 
aluminium was prepared by electrolysis {see Chapter XVII.}, and metallic sodium found 

*11 
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witL an aperture. On heating, first of all the moisture contained in 
the various substances is given off, then carbonic anhydride and the 
products of the dry distillation of the charcoal, then the latter begin® 
to act on the sodium carbonate, and carbonic 
oxide and vapours of sodium appear. It is easy 
to observe the appearance of the latter, because 
on issuing from the aperture in the stopper 0 
they take fire spontaneously and bum with a 
very bright yellow flame. A pipe is then in¬ 
troduced into the aperture O, 6ompelling the 
vapours arid gases formed to pass through the 
condenser B. This condenser consists of two 
square cast-iron tjfrays, A and A', fig. 71, with 
wide edges' firmly screwed together. Between 
these two trays there is a space ixi which the condensation of the 
vapours of sodium is effected, the thin metallic walls of the condenser 
being cooled by the air but remaining hot enough to preserve the 
sodium in a liquid state, so that it does not choke the apparatus, but 
continually flows from it. The vapours of sodium, condensing in the 
cooler, flow in the shape of liquid metal into a vessel containing some 
non-volatile naphtha or hydrocarbon. This Is used in order to prevent 
the sodium oxidising as it issues from the condenser at a somewhat 
high temperature. In order to obtain sodium of a pure quality it is 
necessary to distil it once more, which may-even be done in porcelain 
retorts, but the distillation must be conducted in a stream of some gas 
on which sodium does not act, for instance in a stream pf nitrogen; 
carbonic anhydride is not applicable, because sodium partially de¬ 
composes it, absorbing oxygen from it. Although the above described 
methods of preparing sodium by chemical means have proved very con¬ 
venient in practice, still it is now (since 1893) found profitable in 
England to obtain it (to the amount of several tons a week) by Davy'® 
classical method, i.e.by the action of an electric current at a moderately 
high temperature, because the means for producing an electric current 
(by motors and dynamos) now render this quite feasible. This may be 
regarded as a sign that in process of time many other technical methods 
for producing various substances by decomposition may be profitably 
•carried on by electrolysis. 

Pure sodium is a lustrous metal, white as silver, soft as wax; it 
becomes brittle in the cold. In ordinary moist air it quickly tarnishes 

two new uses; (1) for the manufacture of peroxide of sodium (8BB later on) whioh is used 
in bleaching works, and (2 ) in th e manufacture of potassium sodium oyanide from 
yglkw pjussiate (Chapter SUL, Note 12). 



( Fig. 71„~Donny and Maresco’a 
sodium condenser, consist, 
ing of two cast-iron plates 
screwed together. 
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fend becomes covered -with a film of Hydroxide, NaHO, formed at the 
expense of the water in the air. In perfectly dry air sodium retains 
its lustre for an indefinite time. Its density at the ordinary tempera* 
ture is equal to 0*98, so that it is lighter than water; it fuses very 
easily at a temperature of 95°, and distils at a bright red heat (742* 
according to Perman, 18891. Scott (1887) determined the density of 
sodium vapour and found it to be nearly 12 (if H =* 1). This shows that 
its molecule contains one atom (like mercury and cadmium) Na. 38lifl It 
forms alloys with most metals, combining with them, heat being some¬ 
times evolved and sometimes absorbed. Thus, if sodium (having a clean 
surface) be thrown into mercury, especially when heated, there is a flash, 
and such a considerable amount of heat is evolved that part of the 
mercury is transformed into vapour 39 Compounds or solutions of 
sodium in mercury, or amalgams of sodium, even when containing 
2 parts of sodium to 100 parts of mercury, are solids. Only those 
amalgams which are the very poorest in sodium are liquid. Such alloys 
of sodium with mercury are often used instead of sodium in chemical 
investigations, because in combination'with mercury sodium is not 
easily acted on by air, and is heavier than water, and therefore more 
convenient to handle, whilst at the same time it retains the principal 
properties of sodium, 40 for instance it decomposes water, forming 
NaHO. 

It is easy to form an alloy of mercury and sodium having a crystal¬ 
line structure, and a definite atomic composition, NaHg 5 . The alloy of 
sodium with hydrogen or sodium hydride* Na 2 H, which has the external 


88 bis This is also shown by the Ml in the temperature of solidification of tin produced 
by the addition of sodium (and also A1 and Zn). Heycock and Neville (1889). 

59 By dissolving sodium amalgams in water and acids, and deducting the heat oi 
solution, of the sodium, Berthelot found that for each atom of the sodium in amalgams 
containing alarger amount of mercury than NaHg s , the amount of heat evolved increases, 
after which the heat of .formation falls, and the heat evolved decreases. In the formation 
of NaHg 5 about 18,500 calories are evolved; when NaHgj is formed, about 14,000; and 
for NaHg about 10,000 calories. Kraft regarded the definite crystalline amalgam as 
having the composition of NaHg 6 , hut at the present time, in accordance with Grimaldi’s 
results, it is thought to be NaHg$. A similar amalgam is very easily obtained if a 
8 p.c. amalgam be left several - days in a solution of sodium hydroxide until a crystalline 
mass is formed, from which the mercury may be removed by strongly pressing in chamois 
leather. This amalgam with a solution of potassium hydroxide forms a potassium 
amalgam, KHg 10 . It may he mentioned here that the latent heat of fusion (of atomic 
quantities) of Bg=S60 (Personne), Na = 780 (Joannis), and K = 610 calories (Joannis). 

40 Alloys are so similar to solutions (exhibiting such complete parallelism, in proper¬ 
ties) that they are included in the same class of so-called indefinite compounds. But'~m 
alloys, as substances passing freon the liquid to the solid state, it is easier to discover the 
formation of definite chemical compounds. Besides the allots of Na with Hg, those with 
ISLn (Bailey 1892 found Na^Sn), lead (NaPb), bismuth (Na^Bi), &c. (Joannis 1892 and others) 
have been investigated. 
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Appearanoo of irmotol/ 1 i« a mmt inatruetivo ©xmiiplwo! tlin ehametor* 
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bmM In volumes Atul when «mm formal the alb 7 ran Ki preserved 
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m 10ft m this latter, when heated it brittle, and d*vnmi«mes 

aIk>vo 300“, evolving hydrogen. In thin ileenutjKvdtion nil the pheno¬ 
mena of dissociation are very clearly shown -that i% the hydr«won 
gas ovolvud bat a definite tendon 4 * GMrrm}«mdittg with melt definite 
temperature. This confirm# th«i imit tint the lunmthm **f nutatUM?** 
capable of dissociation can only b» AocompUshed within the dUstkHntion 
limits. Sodium hydride molt* moro imdly than tsHtum iUelf, am! then 
does not undergo doooitt|to«iitioii if it to in m% Attonspharc of hydrogen. 
It oxidise* easily in air, but not m «*aMy m |*>tttiftitiut hydride, Tft# 
chemical reactions of sodium fire rMAlitod in iti hydride, and, if wo may 
m expire** it, they arc even increased by the additbin of hydrogen. At 
ill ©vents, in thu projiwth* of sodium hydride m we mm *4h*-r 
than in well hydrogen compounds m IKfl, 11,0, II>X, Ifor mm 
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hydrogen I# in & similar state. In them, m in sodium hydride Hit 
hydrogen to compressed, absorb**!* oeoiudrd (chapter II,) *»w# 
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The most important chemical property of sodium is its power of 
easily decomposing water and evolving hydrogen from the majority of 
the hydrogen compounds, and especially .from all acids, and hydrates 
in which hydroxyl must bo recognised. This depends on its power of 
combining with the dements which arc in combination with the 
hydrogen* We already know that sodium disengages hydrogen, not 
only from water, hydrochloric acid, 44 and all other acids, but also from 
ammonia, 44 with the formation of sodamide KH a 3STa, although it 
does not displace hydrogen from the hydrocarbons. 46 Sodium burns 

44 II. A. Schmidt remarked that perfectly dry hydrogen chloride is deoomposod 
with great difficulty by sodium, although the decomposition proceeds easily with potas¬ 
sium and with sodium in moist hydrogen chloride. Wanklyn also remarked that sodium 
-bums with great difficulty in dry chlorine. Probably these foots aro related, to other 
phenomena observed by Dixon, who found that perfectly dry carbonic oxide does not 
explode with oxygon on passing an electric spark 

44 Ul * Bodamido, NIl a Na, (Chapter IV., Note 14), discovered by Gay-Lussao and 
Thfomrd, ban formed the object of repeated research, but has boon most fully investigated 
by A. W. Titlierley (18D4). Until recently the following was all that was known about 
this compound;— 

By heating sodium in dry ammonia, Gay-Lussac and Thtfnard obtained an oHve- 
grt#», 4a*0y-fttftible mass, 90$ami&o } NH 8 Na, hydrogen being separated. This substance 
with wafer forms sodium hydroxide and ammonia; with carbonic oxide, CO, it forms 
sodium cyanide, NaCN, and wafer, H 8 0; and with dry hydrogen ohlorido it forms sodium 
and ammonium chlorides. These and other reactions of sodamide show that the metal 
In it preserves its energetic properties in reaction, and that this compound of sodium is 
more stable than the corresponding chlorine amido. When heated, sodamide, NH 8 Na, 
only partially decomposes, with evolution of hydrogen, the principal part of it giving 
ammonia and ©odium nitride, Na^N, according to the equation 8NH 8 Na*» 2NHg + NNa^. 
The latter k an almost black powdery umm, decomposed by wafer into ammonia and 
•odium hydroxide. 

Tltherfey’s vtMftMihfts added the foUcwing,data;— 

Iron or «0v« vsssels should be used in preparing this body, because glass and 
pomftlata or# corroded at 80OMQ0 0 , at which temperature ammonia gas acts upon 
•odium and forms the amide with the evolution of hydrogin. The reaction proooeds 
•lowly, but is complete if there be an excess of NH$. Pure NHaNa is colourless (its 
colouration is duo to Various impurities), semi-transparent, shows traces of crystallisation, 
has a ooncholdul fracture, and molts at 145°. Judging from the increase in weight of 
the sodium and tho (quantity of hydrogen which is disengaged, the composition of the 
amide in exactly NH a Na. It partially volatilises (sublimes) in vacuo at 200°, and breaks 
up into 2 Na 4 at 500°. Tho same amide is formed when oxide of sodium is 

fceafed in NH S : Na^O 4 UNH S ■»2NaH 8 N 4- H a O. NallO is also formod to some extent 
by the resultant H 8 0, X’otassium and lithium form similar amides. With wafer, 
alcohol, and acids, NH a Na gives NH 3 and NallO, which react further. Anhydrous GaO 
absorbs NH a Na when heated without decomposing it. When sodamide is heated with 
©iOj., NH$ is disengaged, and silicon nitride formed. It acta still more roodily upon 
feorie anhydride when heated with it; 2NH. 4 Na4B a 0 3 -2BN 4 2NaIIO4H 8 0. When 
lightly heated, NH a Na4NOC1 ** NaCl 4 N tt 4 H a O (NHNa* and NNa 3 are apparently not 
formed at a higher temperature). Tho halogen organic compounds react with the aid 
Of heat, but with so much energy that tho reaction frequently leads to tho ultimate de¬ 
struction of the organic groups and production of carhdn. 

At sodium does not displace hydrogen from the hydrocarbons, it may bejpreaerued 
to liquid hydrooarboos, Naphtha in generally used for this purpose, as it consists of ft 
mixture of vwtotti liquid hydrocarbons. However, in naphtha sodium usually becomes 
woafed with ft cruet composed of matter produced by the action of the sodium on certain 
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both in ohlorino find in oxygen* evolving stntdi hmt Tin m* progwrtie* 
ft.ro elogely connoeted with it* |t«wer «»f Inking up oxygen, chlorine, 
ftmi Miuiilnr oh mnii» front ino?»t of their coinpmituU. Jtml m it remove* 
the oxygon from the oxide* of nitrogen wifi from etiftmitio anhydride, no 
ftlit* does it decotnpOM* tiro majority of oxides at definite timiprymtiirm 
Here the action k emmlk%llf tin) name m in the doe«>!fi}K>«itiim of 
water, Thus, for inaitite«\ when tiding on magnesium rhh.Hde tho 
sodium displaces the magnesium, and when art tug uii aluminium ehh»ridtt 
it displaces metallic aluminium. Sulphur, ph'wphoruii, nraonio nttd » 
whole M*riet§ of other element;*, also tombim* with aodiutu. 1 * 

With urijfjm nodi mo unites in three degr* e t of ejuntitmaf mu, binning 
a suboxidu a** oxide, Nttph ami ti jrt-tuvde, Not>. TJmy are 

thus turmoil breauw Na-jO Li si stable In sir nude (with %m% fur if fm m« 
ft hydroxide), whilst Na 4 U ami NaO «h» not form rorieip* uding 
iftllat hydrate* Mid unit*. ThottuW'xido h a grey inflammable ftubUanro 
which easily thmmimm water, disengaging hydrogen ; it h homed 
by tlifi slow oxidation of nodluui ut thn ordinary temperature. Tim 
peroxide h a greenish} allow nuhMance, funiug at m bright red hext; it 
ti produced by burning malium in ini «»im» of oxygen, and it y$#l«tjt 
oxygen when treated with water 
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of |nm tumwiitt «ml pumiin. 

44 If whIhiiii tlww iic»I 4 ia| 4 «u*« tli« t| 4 f< £*ni m I*) .If .. *1 ij u% 

comjM»uwt» tmf I# ol*tfti«r «4 %> 4 ,.im »;,! k h «*kl n mj#* 

6om« cif tliinw o4«i|m>iiikSs liifu W#n j»n«hn r I* ulih *# ?n 4 t#i ® | ni > I’lin*, f«*t 

iwbuw, fine fltliyh { f VK#L wh»fi tmaWd ««l» I ,**» *o4 I -n,i» » 

olliyt OdhNft,but this iIpw »|»witlMti I» fm% »h4 IIi« * ^ «n 4 f 

fei by th#t*IU4iwn fmm tl«& m\n In it*,# ♦ 4 il»« 

mmtgf of tb» mnlium ti olrxrly wwill^h f»*i II t*m I# with oit*l**^ h»|. 4 1% 

«|g«» t«» # 4i»% mtemto mkph!4% t^m^g * «l» < f« »Mlo«y m ii 

* bto II in mm wh4^h#f lb* ii»t»*l4» ^* 4 .^ i*;i 

^ ^ M%t\ wiilfti «lll» It** w*i4i f la «| 

whoa a plvutlo ea«rtft| I* ppj«4 turn* |$ P#|l $ U,#. #» vlllllll 111 #T|«||#gt| 

aiwolftf la 4ho mmmm ftuth.fifttt &mn »«| U«m tlw #4kt **n 

oodl*i « e» tnalmiAl wltli »m«mry. II i» tl^r^h m to kVL 

»0»t *0 to tiui »i«i abkfiswi nhw hyiln^tt when tt««M t*rf$i »*|*t. Il%il * lf # 0 
«»II+NftHO+KaCh that l» t II i#ii !ifc« *!*{»»« i4«* **f w4lwm. If « a 

•83b than tht forrwpoBdliif ha#» Nft*O t urennhag t*i tb« fsl» willi vtt#«# !<.*»« *4 iho 
ocaopoillloa M 4 0» oaghl io ho ^IW % oiek A«»^? 4 ii /4 %<* 

It fottoti wfeta ftla »h#tt* t*t ftiw ttf*»p nf m&ium *h *!jr», ifh«« Im mm*% #itv 
« Aftoovdisg to etetrffti«ii «a*ily wrf# # «tin» »lp« fa^l | w »lr hut 4*m 

00 * htepii # iii# owftharttoft only ^Mwwao&nf with Um t4 fhh 
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All three oxides form sodium hydroxide with water, but only the 
oxide Na 2 0 is directly transformed into a hydrate. The other oxides 
r liberate either hydrogen or oxygen ; they also present a similar dis¬ 
tinction Fith reference to many other agents. Thus carbonic anhydride 
combines directly with the oxide Ka 2 0, which when heated in the gas 
burns, forming sodium carbonate, whilst the peroxide yields oxygen in 
addition. When treated with acids, sodium' and all its oxides only 
form the salts corresponding with sodium oxide—4;bat xs r ©£the formula or 
type NaX. 'Thus the oxide of sodium, N%0, is the only Salt-forming 


considerably heated. Davy and Karsten obtained the oxides of potassium, K 2 0, and of 
sodium, Na^O, by heating the metals with their hydroxides, whenceNaHO-fNa— Na^O + H, 
but N. N. Bekefcoff failed to obtain oxides by this means. 'He prepared them by directly 
igniting the metals in dry air, and afterwards heating with the metal in order to destroy 
any peroxide. The oxide produeedjJNagO, when'he&ted in an atmosphere of hydrogen, 
gave a mixture of sodium and its hydroxide,: Na 2 0+H=NaHO+N& (sea Chapter II., 
Note 9). If both the observations mentioned are accurate! then the reaction is reversible. 
Sodium oxide ought to be formed during the decomposition of sodium carbonate by oxide 
•of iron (seeJSTote 26), and during the decomposition of sodium nitrite. According to 
Karsten, its specific gravity is 2-.8, according to Beketoff 2*8. The difficulty in obtaining 
it is owing to an excess of sodium forming the suboxide, and an exoess of oxygen the 
peroxide. The grey colour peculiar to the suboxide and oxide perhaps shows that they 
contain metallic sodium. In addition to this, in the presence of water it may contain 
sodium hydride and NaHO. 

49 Of the oxides of sodium, that easiest to form is the peroxide, NaO or Na^O**; this 
is obtained when sodium is burnt in an excess of oxygen. If NaN0 3 be melted, it gives 
Na 2 0 2 with metallic Na. In a fused state the peroxide is reddish yellow, but it becomes 
almost colourless when cold. When heated with iodine vapour, it loses oxygen: N%G 2 +Lj 
^Na^OIa+O. The compound Na-jOIj is akin to the compound <3 u 2 OC1 2 obtained by 
oxidising CuCl. This reaction iB one of the few in which iodine directly displaces 
oxygen. The substance Na^OIa is soluble in water, and when acidified gives free iodine 
• and a sodium salt. Carbonic oxide is absorbed by heated sodium peroxide with formation 
of sodium carbonate: N‘a 2 C0 3 =Na 3 0 2 + C0, whilst carbonic anhydride liberates oxygen 
from it. With nitrous oxide it reacts thus: + 2N a O=2NaN0 2 -h N 2 r with nitric 

oxide it combines directly, forming sodium nitrite, NaO + NQ=NaN0 2 . Sodium peroxide, 
when treated with water, does not give hydrogen peroxide, because the latter in the 
presenoe of the a lk a li formed (Nq^Oj + 2H 2 Q~ 2NaHO4-H 2 0 2 ) decomposes into water 
and oxygen. In the presence of dilute sulphuric acid it forms H 2 0 2 (Na 2 Q 2 + H 2 S0 4 
= NaaS 04 +H 2 0 2 ). Peroxide of sodium is now prepared on a large scale (by the action of air 
upon Naat 800°) for bleaching wool, silk &o. (when it acts in virtue of the Ho0 2 formed). 
The oxidising properties of Na 2 0 2 under the action of heat are seen, for instance, in the 
fact that when heated with I it forms sodium iodata; with PbO, Na^PbOs; with pyrites, 
sulphates, &c. When peroxide of sodium comes into contact with water, it evolves much 
heat, forming H 2 0 2 , and. decomposing with the disengagement of oxygen; but, as a rule, 
there is no explosion. But if N%0 2 be placed in contact with organic matter, such as 
sawdust, cotton, &c., it gives a violent explosion when heated, ignited, or acted on by 
water. Peroxide of sodium forms an excellent oxidising agent for the preparation of the 
frighAT product of oxidation of Mn, Cr, W, &c., and also for oxidising the metallio 
sulphides. It should therefore find many applications in chemical analysis. To prepare 
$ffaa0 2 on a large scale, Castner melts Na in an alu mi nium vessel, and at 800° passes 
air deprived of a portion of its oxygen (having been already once used), and then 
ordinary dry air over it. 
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mmit i of flits mot*!, m water i« in th» raw of hydn^m Although thn 
peroxido lf a Oy in dwivrd from hydrogen, and >•»/>, fomi 
yet thorn aro no eortv-ffMiiitlttig Halts known, and if thr>y art* {urnml 
limy iuw probably m mmtahli* m hytlmgi n pimbfo AllI mh »h n&rtmn 
forms carbonio oxhlt*, (X>, ilill It hm only om salt forming molt* . 
omrbonlo anhydride CO*. Nitr*»gcm and rli!«ri«« l« 4 h gw itvwnml 
•alt’forming «tld« him! typ* of Mitt*. But of th« otidmi „f mfmgon, 
NO Slid NX^ do not form snll/i, ai do X/bn N/ > 4 » mid X 4 » n * although 
N./\ tlm'H not form fiprntd salts, and N /* 4 rnriwpiidi with Itm 
liightMi form of tlm nulim* c*>mpundt of nitj* gun. Hurh diutiwtium 
bntwwm tin? tdeumnts, according to Choir power of giving mum nr novum! 
iA)inn forms, ii a radical property of »i«* 1 mm itiiprtiiftrfi than the hiuuo 
or Mid properties of tin# oxtdtw, Helium m * typim) uit4i%! dim 
tttit form my acid oxides, whilst d»h*dsi«s m a typical imn mctai, dim 
not form \mm with oxygetv Tlwritfore moctium *m on may \m 

thus oharactorlftod : it forma mm very »t*hh* salt-forming t»,%k)t% K^ f 0 # 
having powerful basic pntpertUw, and it# a*!ta art* of the general 
formula, NaX, therefore In Ita compmttxUi it in, like hydrogen, a tail# 
and univalent dement. 

On oomparing modiom md its which will l*t*taler 

with other motftUte elements, it will 1 m seen that propeiileflk 
fogdher with tbs relative llghinm» of the ineta) itself and it* mm t* 
porndMt md the magfdttide ti itn atomic weight comprise the most 
essential properties of this clement) clearly distinguishing it from 
others* and enabling m oaaily to r«c<^pil»» Its 
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POTASSIUM, RUBIDIUM, 0JS8IUM, AND LITHIUM, SPECTRUM ANAETSIS 

J ust m the series o£ halogens, fluorine, bromine and iodine correspond 
with the chlorine contained in common salt, so also there exists a cor¬ 
responding series of elements : lithium, Li = 7, potassium, K = 39, 
rubidium, Rb = 85, and caesium, Cs = 133, which are analogous to the 
sodium in common salt. These elements bear as great a resemblance 
to sodium, Na = 23, as fluorine, F 19, bromine, Br = 80, and iodine, 
I *» 127, do to chlorine, Cl = 35-5. Indeed, in a free state, these 
dements, like sodium, are soft metals which rapidly oxidise in moist 
air and decompose water at the ordinary temperature, forming soluble 
hydroxides having clearly-defined basic properties and the Oomposition 
RHO, like that of caustic soda. The resemblance between these metals 
is sometimes seen with striking clearness, ©specially in compounds such 
as salts. 1 The corresponding salts of nitric, sulphuric, carbonic, and 
nearly all acids with these metals have many points in common. The 
metals which resemble sodium so much in their reactions are termed 
the m$td$ of tlm cdkcdu. 

1 Tutton's researches (1894) upob the analogy of the crystalline form* of KgSC^RbsSOj 

and CujtBO* may bo taken as a typioal example of the comparison of analogous compounds. 
We cite the following data from these excellent researches: the sp. gr. at 20°/4° of E 4 SQ 4 
is from of XU> a 80 4 ,8*0118, and of C%S0 4 ,4*2484. The coefficient of oubioal expansion 
(tho moan between 20 ° and 00 °) for the K salt is 0*0058, for tho Rb salt 0*0052, for the 
<j§ salt 0*0051. Tho Knew expansion (tho maximum for the vertical axis) along the axis 
of crystallisation is the same for ell three salts, within the limits bf experimental error. 
The replacement of potassium by rubidium causes tho distance betwoen the centres of 
♦he molecules in the direction of the three axes of crystallisation to inoroaso equally, and 
|«i® than with the replacement of rubidium by owsium. The index of rofraction for all 
rayi and for every crystalline path (direction) is greater for the rubidium salt than for 
the potassium salt, and less than for tlm esssium salt, and the differences aro nearly in 
the ratio 2 : 5 . The lengths of tho rhombic crystalline axes for KaSO* are in the ratio 
0*8727 : 1 : 0*7418, for Rb 9 S0 4 ,0*5728 : 1 : 0*7485, and for C%SC> 4 , 0*57l2 : 1 : 0*7521. 
Th© development of the basic and br&ohy-pinacoids gradually increases in passing from 
E to Rb and Os. The optioal properties also follow tho same order both at the ordinary 
and at a higher temperature. Tutton draws the general conclusion that the crysfcolb, 
graphic properties of the isomorphic rhombio sulphates RsfS0 4 are a function of the 
atomic weight of the metals contained in tbefrn (%*« Chapter XV.) Such researches as 
these should do much towards hastening tho establishment of a true mdaoular mechanics 
of i^yidco*chomkal phenomena. 




POTASSIUM, RUBIDIUM, O&SIUM, AND LITHIUM 5iS 

KMgCl 3 ,6H a O, occurs at Stassfurt* This carnallite 2 is now em¬ 
ployed as a material for the extraction of potassium chloride, and of all 
the compounds of this element. 3 Besides which, potassium chloride 
itself is sometimes found at Stassfurt as sylvine. 3 bia By a method of 

2 Carnallite belongs to the number of double salts which are directly decomposed by 
water, and it only crystallises from solutions which contain an excess of magnesium 
chloride. It may be prepared artificially by mixing strong solutions of potassium and 
magnesium chlorides, when colourless crystals of sp- gr. 1*60 Separate, whilst the Stass¬ 
furt salt is usually of a reddish tint ? owing to traces of iron. At the ordinary temperature 
sixty-five parts of carnallite are soluble in one hundred parts of water in the presenoe of 
an excess of the salt. It deliquesces in the air, forming a solution of magnesium chloride 
and leaving potassium chloride. The quantity of carnallite produced at Stassfurt is now 
as much as 100,000 tons a year. 

s The method of separating sodium chloride from potassium chloride has been de¬ 
scribed in Chapter I. On evaporation of a mixture of the saturated solutions, sodium 
chloride separates; and then, on cooling, potassium.chloride separates, owing to the 
difference of rate of variation of their solubilities with the temperature. The following 
are the most trustworthy figures for the solubility otjpotasHum chloride in one hundred 
parts of water (for sodium chloride, see Chapter X, Note 13) .v- 

10° 20° 40° 60? 100° 

82 80 dO 40 67 

When mixed with solutions of other salts the solubility of potassium chloride, naturally 
varies, but not to any great extent. 

Sbu The specific gravity of the solid salt is I’OO—that is, less than that-of sodium- 
chloride. All the salts of sodium are specifically heavier than the corresponding salts of 
potassium, as are also their solutions for equal percentage'compositions. If the specific 
gravity of water at 4 ° = 10 , 000 , then at 15° the specifio gravity of a solution of p p.c. 
potassium chloride==9,992 +63*290*226#*, and therefore for 10 p.c.»1*0647, 20 p.c* 

» 1*1848, &c. 

Potassium chloride coUibines with iodine trichloride to form a compound KC1+101$ 
csKIChi, which has a yellow colour, is fusible, loses iodine trichloride at a red heat, 
and gives potassium iodate and hydrochloric aoid with water. It is not only formed by 
direct combination, but also by many other methods; for instanoe, by passing chlorine 
into a solution of potassium iodide so long as the gas is absorbed, HT-f 2C1 2 ==KC1,ICI 3 . 
tPotassium iodide, when treated with potassium: chlorate and strong hydrochlorio acid, 
also gives this compound; another method for its formation is given by the equation 
KC10 3 +1+6HC1=KC1,IC1 5 + 3C1+SH 2 Q. This is a kind of salt corresponding with 
XI0 2 (unknown) in which the oxygen -is replaced! by chlorine. • If valency be taken a$ 
the starting-point in the.study of chemical compounds, and the elements considered as 
having a constant atomicity (number of bonds)—that is, if K, Cl, and I be taken as 
univalent elements—then it is impossible to explain the formation of such a compound 
because, according-to this view. Univalent elements are only able to form dual com¬ 
pounds with .each other; such as, KOI, C1I, XX, &o., whilst here they are groupedl 
together in the molecule KICl*. Wells, Wheeler, and Penfield (1892) obtained a large 
number of such poly-haloid salts. They may all be divided into-two large 'classes: 
the tri-haloid and'the penta-haloid salts. They have been-obtained .not only for K 
but also for Rb and Cs, and partially also for Na and Li. The genteral method of their 
formation consists in dissolving the ordinary halogen salt of the metal in water, and 
treating it with the requisite amount of free halogen. The poly-haloid -salt^bparatea 
put after evaporating the solution at a more or less low temperature. In this -manner, 
among the tri-haloid salts, may be obtained: KX 3 , KBr 2 I, XC1 2 I, and the corresponding 
salts of rubidium and caesium, for instance, Csl 3 , C 8 BrI 2 , CsBr 2 f» CsCIBrI CsCl 2 I, 
CsBrs, CsClBr 2 ,.CsCl 2 Br, and in general where $ is a halogen. The colour of the 
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douhlo wdino tWorojHwitMM, thr tltWitltt *»f i^Uwiituii may W c'onvt'rtacl 
ill to all thv other |*>Uu*mui»i ju»)ta»* mmm of wluvli i«v nf |*rart»cal um* 
Thn |K*Ue4*iuiu f*mIf4 liny#!, however, their gre*U'«t iuifMirUuwo m m 
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Tli# priiimri rwk* contain mi alinnat «h)uid j^ojiorfwii of j 
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slum In th« ilkliil.#|ri4tit»ii of the primary ivdt*, if miki!! a «|ii.»nfiiy 
wmtl to tli# lira water f They remained with th« jWucU of tli« 
diHHuitpcmitioii of tin.! priitwry ruck a, When grain to m tiny other 
similar twit formation in dmitfegmied, there arr formed, tjraide* tint 
iditbb #ulist*i4«.% ohm iiiicilulilr ham! and finely dt%»dnd 

oky» containing witter* ahitmn*, mid Bilim, Ttn» day ia carried a tray 
by til© water, Mid h thtm in ?slrai% 4 It* air! «aj*vt*Uy 

it* admixture with vqgetoU* rtuuaiiuK retain of potaaaium 

In n greater quantity than t !*<**> of anditim Ttti* hm Wn §iiw«tt 
with mimlutM certainty to bo tlw e**#, and i« due t«* the 
fmtmr qf thv mni. If ti dilute flotation of a |* 4 A»iiim compound h* 
filtered through common mould used for growing jdastt*, containing 
day and the ranoiiui of vigntabta dtwom|x*iUon, tin* mould will Xm 

erymtaSa mrltt to Hi# tint* 0*1% t# MmsIi, Cf Hr* y»u S r*wi#|» 

«*64ldi Imiwft, €»Pfjl f«t 4 f #l%Hf |#IS *m *TH» * m* m* m\U o** ti >, ♦*« 

thou* wf t#Ml m% m mU< % r% %%uu% Iff ** ! I * |§ 

f«? Mium W ««i|*eiiiidi Oi m>\ I **«• n%4*r.m\ 'll# % * «<1* mJi* 

a itfiidlef oImmi} mmoah tbftw Mitt* HUwwwt «i i # l 4 * 4 i> i a HI 

€if # C*Br* CiCliI, imwt I40%f fwllli *11,111 m4 **!!«##» ®*n%% |«iHt Sll l ll| 

moal *t*bk ar* ttoa* aalt* f»»tti*|jiiiqt Hi* 4i»»l*l »llli *l«ii**« ««%!*! 

(m €lm|itor XI,, No !m »|, 

4 It ii pmiblft to m%Um\ tlm %4 tbiaatly fp«i Um |Mi««t««y 
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ft clwfiiitml |«lnt i#f in* pmurnU , M i*, 
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oonil»JUna* by itttl itftljr h*» tha tUl »,« «aiU .1 
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of aodium Mlto, tort that Oisit dM«to{w«irt to to,j*»IbS* •tltoui ,«to»»,u« *4to 
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found to have retained a somewhat considerable percentage of the 
potassium compounds. If a salt of potassium be taken, then during 
the filtration an equivalent quantity of a salt of calcium—which is also 
found, as a rule, in soils—is set free. Such a process of filtration 
through finely divided earthy substances proceeds in nature, and the 
compounds of potassium are everywhere retained by the friable earth 
in considerable quantity. This explains the presenco of so small an 
amount of potassium salts in the water of rivers, lakes, streams, an<$ 
O 0 O«»> where the lime and soda have accumulated. The compounds of 
potassium retained by the friable mass of the earth are absorbed as an 
Aqueous solution by the roots of plants . Plants, as everyone knows* 
when burnt leave an ash, and this ash, besides various other substances^ 
without oxception contains compounds of potassium. Many land 
plants contain a very email amount of sodium compounds, 6 whilst 
potassium and its compounds occur in all kinds of vegetable ash. 
Among the generally cultivated plants, grass, potatoes, the turnip* 
and buckwheat are particularly rich in potassium compounds. The 
ash of plants, and especially of herbaceous plants, buckwheat straw* 
sunflower and potato leaves are used in practice for the extraction of 
potassium compounds* There is no doubt that potassium occurs in the 
plants themselves, in the form of complex compounds, and often as salts 
of organic acids. In certain cases such salts of potassium are even 
extracted from the juice of plants* Thus, sorrel and oxalis, for example,, 
contain in their juices the acid oxalate of potassium, O a HK0 4 , which ia 
employed for removing ink' stains. Grape juice contains the so-called 
<g$am of barter which Is the add tartrate of potassium, 0 4 H fl I£0 6 .* 

* If htrbaoeout pltnts contain much eodium solte,ife is evident that these salts mainly 
tome from the sodium compounds in the water absorbed by tbs plants. 

t At plants always contain min ©ml substances and cannot thrive in a modium which 
dost not contain thorn, moro especially in ono winch is fro© from tb© salts of the low 
haste oxide®, X 8 0, CaO, MgO, and F%0 3 , and of the four acid oxides, 00 2? NflO®, 
TtOjk, and BO®, and as the amount of ashdorming substances in plants is small, the 
question inevitably arises as to what part those pipy in the development of plants. 
With the existing chemical data only ono answer is possible to this question, and it ia 
«tUi only a hypoUiesis. This answer was particularly clearly expressed by Professor 
da»tev§aj| of the Tetroffsky Agricultural Academy. Starting from the fast (Chapter 
XL, Note M) that a small quantity of aluminium renders possible or facilitates the 
traction of bromine on hydrocarbons at tho ordinary temperature, it is oafry to arrive at 
ooneluiion, which fa very probable and in accordance with many data respecting th® 
ftf»tl©ni of organic compounds, that the addition of mineral substanoes to organic com* 
poundi lowers tho temperature of reaction and in general facilitates cbemicol.reaction* 
fa plants, and thus aids the conversion of the most rimplo nourishing substanoea into thf* 
oomponent parts of ‘tho plant organism. The province of chemical Veaotioni 
«Mfo cH fr#dltig In organic substances in tho presence of a small quantity of mineral substonoq® 
Jft baa but little investigated, although there already several disconnected 
date ©onearfcfog motto of this kind, ana although a groat deal is known with regewrd 
to such rtft o Uo ut atnpng fnoxganto compounds. The ’essence of the matter may be ah 



§48 


inmcmMn of cmmmm 


Xhi* mult tdm n* » mlimmt fn»m win#. Vfhm th# |tkntn t 

containing mu% or tmm ^ **' t# putawitmi, *»» burnt, Hit 

oarlKuntmtuft matter I* oxklitt*!, «wl In »n»*.«|iit«irii tint jwtmiuxti i» 
ohf&iiiiMl in fliii ft*h m carbonate K,Cf)|, which in generally known 
as §M*imkm, llmx* potaftbc* occur wanly Fn»|»rml In the «»h of 
plant*, anti Ihiwfow the unit of Un«l fhnU k employ«I ** si amtroc 
for Hit attraction of |K»ta«iioHi eompmiwU. iM 4-, 411111 <mrt*nn*to Sa 
Ofttracttd lif lUiviating tin* a*h with water 1 Pota«Atum mrlmmt® 
pmmui **», % v*1 11,«!-' f «f» I ci # i *». ttw f if** ? ima 

lilll |I»p mhhUtm *4 nmfiiJilt ijUftttUly ftf ft ibid *#««*• t\ 

Ilia fp<Mii»«n «4 A t«n II, bur*### A mmihir»* •iiti I\ A<\ *#**! Il **1 il»i# ti## 

fMn!if*«tm4, wUth Iiw « iliffurmiil d*m *4 tbmdml «a#fjry* Ibnuiitf 4b* e*411 m 
It# m»4 uuftni# C faw «• il 

II ttiftf for# li# tl»t dl lb* tmmmrf f » fc'Unt* {lbei§ 

•ftun»«r*l*l at th# tftginaiim *4 tin# *#»M *wr# lb# !♦»#hmt «>m$Krt»i»4« d ibd* 
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may also be obtained from the chloride by a method similar to that by 
which sodium carbonate is prepared from sodium chloride. 8 bia There is no 
difficulty in obtaining any salt of potassium—for example, the sulphate, 9 


quantities (as a sediment from “wine) for medicinal use under the name of cream of tartar. 
When ignited without access of air, it leaves a mixture of charcoal and potassium 
carbonate. The charcoal so obtained being in a finely-divided condition, the mixture 
(called * black flux ’), is sometimes used for reducing metals from their oxides with the 
aid of heat. A certain quantity of nitre is added to burn the charcoal formed by 
heating the cream of tartar. Potassium carbonate thus prepared is further purified by 
converting it into the acid salt, by passing a current of carbonic anhydride through 
a strong solution. KHC0 3 is then formed, which is less soluble than the normal salt 
(as is also the case with the corresponding sodium salts), and therefore crystals of the 
acid salt separate from the solution on cooling. When ignited, they part with their 
water and carbonic anhydride, and pure potassium carbonate remains behind. The 
physical properties of potassium carbonate distinguish it sufficiently from sodium 
carbonate; it is obtained from solutions as a powdery white mass, having an alkaline 
taste and reaction, and, as a rule, shows only traces of crystallisation. It also attracts 
the moisture of the air with great energy. The crystals do not contain water, but 
absorb it from the air, deliquescing into a saturated solution. It melts at a red heat 
(1045°), and at a still higher temperature is even converted into vapour, as has been 
observed at glass works where it is employed. It is very soluble. At the ordinary 
temperature, water dissolves an equal weight of the salt. Crystals containing two 
equivalents of water separate from such a saturated solution when strongly cooled (Morel 
obtained KaCOgSHap in well-formed crystals at + 10°). There is no necessity to de¬ 
scribe its reactions, because they are all analogous to those of sodium carbonate. When 
manufactured sodium carbonate was but little known, the consumption of potassium 
carbonate was very considerable, and even now washing'soda is frequently replaced 
for household purposes by * ley an aqueous solution obtained from ashes. 

It contains potassium carbonate, which acts like the sodium salt in washing tissues, 
linen, &o. 

A mixture of potassium and sodium carbonates fus 6 g with much greater ease than the 
separate salts, and a mixture of their solutions gives Well-ciystallised salts—for instance 
(Marguerite's salt), K 2 C0s,6H a 0,2N‘a 2 C0s;6H 2 0, ’ Crystallisation also occurs in other 
multiple proportions of K and Na (in the above case 1 : 2 , but 1 : 1 and 1 : 8 are known), 
end always with 0 md. HgO. This is evidently ft combination by similarity , as in alloys* 
solutions, &c. 

8 bia About 25,000 tons of potash annually are now prepared from KC1 by this method 
fit StassfurL 

9 Potassium* sulphate , K 0 SO 4 , crystallises from its solutions in an anhydrous condi¬ 
tion, in which respect it differs from the corresponding sodium salt, just as potassium car¬ 
bonate differs from sodium carbonate. In general, it must be observed that the majority 
of sodium salts combine more easily with water of crystallisation than the potassium 
salts. The solubility of potassium sulphate does not show the same peculiarities as that 
of sodium sulphate, because it does not combine with water of crystallisation; at the 
ordinary temperature 100 parts of water 'dissolve about 10 parts of the salt, at 0 ° 8‘8 
parts, and at 100° about 26 parts. The add sulphate , KHSO 4 , obtained easily by 
heating crystals of the normal salt with sulphuric acid, is frequently employed in 
chemical practice. On heating the mixture of acid and salt, fumes of sulphuric acid are 
at first given off; when they cease to be evolved, the acid salt is contained in the residue. 
At a higher temperature (of above 600°) the acid salt parts with all the acid contained in 
it, the normal salt being re-formed. The definite composition of this acid salt, and the 
•ease with which it decomposes, render it exceedingly valuable for certain chemical trane- 
formations accomplished by means of sulphuric add at a high temperature, because it is 
possible to take, in the form of this salt, a strictly definite quantity of sulphurio acicb 
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-bromide, and iodide 10 —by the action of the corresponding acid on KOI 
and especially on the earboiiate, whilst the hydroxide, caustic potash, 
KHO, which is in many respects analogous to caustic soda, is easily ob- 

&nd to cause it tfr'act on a given substance at a high temperature, which it is often, 
necessary to do, more especially in chemical analysis. In this case, the acid salt aota | 
in exactly the same manner as sulphuric acid itself, but the latter is inefficient at 
temperatures above 400°, because it all evaporates, while at that temperature the acidl 
salt, still remains in a fused state, and acts with the elements of sulphuric acid on the 
substance taken. Hehce by its means the boiling-point of sulphuno acid is raised* 
Thus the acid potassium sulphate is employed, where for conversion of certain oxides, 
such as those of iron, aluminium, and chromium, into salts, a high temperature is 
required. 

Weber, by heating potassium sulphate with an excess of sulphuric acid at 100°, 
observed the formation of a lower stratum, which was found to contain a definite com¬ 
pound containing eight equivalents of SOj per equivalent of KgO. The salts of! 
rubidium, ceesium, and thallium give a similar result, but those of sodium and lithium 
do nob. (See Note 1.) 

i° The bromide and iodide of potassium are used, like the corresponding sodium 
Compounds, in medicine and photography. Potassium' iodide is easily obtained, in a pure 
state by Saturating a solution of hydriodic acid with caustic potash. In practioe, how¬ 
ever, this method is rarely had recourse to, other more simple processes being em¬ 
ployed although they do not give so pure a product. They aim at the direofc formation, 
of hydriodic acid in the liquid in the presence of potassium hydroxide or carbonate,, 
Thus iodine is thrown into a solution of pure potash, and hydrogen sulphide passed 
through the mixture, the iodine being thus converted into hydriodio acid. Or a solution 
Is prepared from phosphorus, iodine, and water, containing hydriodio and phosphorio acid , 
lime is then added to this solution, when calcium iodide is obtained in solution, and 
calcium phosphate as a precipitate. The solution of calcium iodide gives, with potassium 
carbonate, insoluble calcium carbonate and a solution of potassium iodide. If iodine ia 
added to a slightly-heated solution of caustic potash (free from carbonate—that is, freshly 
prepared), so long as the solution, is not coloured from the presence of an excess of 
iodine, there is formed (as in the action" of chlorine on a solution of caustic potash) a 
mixture of potassium iodide-and iodate. On evaporating the solution thus obtained and 
igniting the residue, the iodate is destroyed and converted into iodide, the oxygen being 
disengaged, and potassium iodide only is left behind. On dissolvihg the residue in water 
and then evaporating, cubical crystals ot tbe anhydrous salt are obtained, which are 
soluble in water and alcohol, and on fusion give an alkaline reaction, owing to the fact that 
when ignited a portion of the salt decomposes, forming potassium oxide. The neutral 
salt may be obtained by adding hydriodic acid to this alkaline salt until it gives an 
acid reaction. It is best to add some finely-divided charcoal to the mixture of iodate 
and iodide before igniting it, as this facilitates the evolution of the oxygen from the iodate,. 
TBs iodate may also be converted into. iodide by the action • of certain reducing agents,, 
finch as zinc amalgam, which when boiled with a solution containing an iodate converts 
it into iodide. Potassium iodide may also be prepared by mixing a solution of ferrous 
iodide (it is best if the solution contain an excess of iodiije) and potassium oarbonate, in 
which case ferrous carbonate FeC/Oj, is precipitated (with on excess of iodine the pre¬ 
cipitate is granular, and contains ■ a compound of the suboxide and oxide of iron), while 
potassium iodide remains in solution.. Ferrous iodide, Fel 2 , is obtained by the direct 
action of iodine on iron ui water. Potassium iodide considerably lowers the temperature 
(by 24®), when it dissolves in water, 100 parts of the salt dissolve in 78*5 parts of water at 
12*5°, in 70 parts at IS 0 , whilst the saturated solution which boils at 120° contains 100 
parts of salt per 45 parts of water. Solutions of potassium iodide dissolve a considerable 
amount of iodine; strong solutions even .dissolving as much or more iodine than they 
coniam as potassium iodide (see Not© 8 bis'aud Chapter 2X, Note 64). 
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daed by means of lime in exactly the same maimer in which sodium 
ydroxide is prepared from sodium carbonate, 11 Therefore, in order to 
unploto our knowledge of the alkali metals, We will only.describe two 
Its of potassium which are of practical importance, and whoso 
laloguea have not been described in the preceding chapter, potassium 
ranide and potassium nitrate. 

Potmnum cymicfei which presents in its chemical relations a certain 
mlogy with the halogen salts of potassium, is not only formed accord- 
\g to the equation, KHO -f HCN =r H a O 4 KON, but also when- 
m a'nitrogenous carbon compound—for instance, animal matter—is 
*ated in the presence of metallic potassium, or of a compound of 
►tas&ium, and even when a mixture of potash and carbon is heated in 
stream of nitrogen. Potassium cyanide is obtained from yellow 
ussiatc, which has boon already mentioned in Chapter IX., and 
hose preparation on a largo scale will be described in Chapter XXII, 
the yellow prussiate bo ground tc\, a powder and dried, so that it loses 
i water of crystallisation, it than melts at a red heat, and decomposes 
to carbide of iron, nitrogen, and potassium cyanide, PeK 4 C 6 3ST^ 
4KON 4* PeG a 4* After the decomposition it is found that the 
llow salt has been converted into a white mass of potassium cyanide. 
ie carbide of iron formed collects at the bottom of the vessel. If 
o mass thus obtained bo treated with water, the potassium cyanide 
partially decomposed by the water, but if it bo treated with alcohol, 
m the cyanide i® dissolved, and on cooling separates in a crystalline 
m 11 A solution of potassium cyanide has a powerfully alkaline 

** Caustic potash. is not only formed by tbs action ol lime on dilate eolations of 
assium carbonate («u sodium hydroxide is prepared Iron* sodium oarbonate), but 
igniting potassium nitrate with finely-divided copper (*#* Note 15), and also by mixing 
ation* of potassium sulphate (or oven of alum, KAlSgOg) and barium hydroxide, 
HgO*. Ill ii, sometimes puri fiod by dissolving it in alcohol (the impurities, for example, 
aas|um sulphate and carbonate, are not dissolved) and then evaporating the aloohbL 
Tim specific gravity of potassium hydroxide is 2’04 f but that of its solutions ($99 
spter XII., Note 18) at 15° 8«®9,092+9O'4p + 0'28p» (herejp® is + , and for sodium 
Iroxido It is-). Strong solutions, when cooled, yield a&rystaUo-hy&ra^e, KH0,4H<*0» 
[oh dissolves in water, producing Acid (like S4NaHO,7HaO), whilst potassium hydroxide 
lolufebn develops a considerable amount' of heat. 

W When the yellow prussiate is heated to redness, all the cyanogen which was in 
nblnatkm with the iron is deoomi>o«od bite nitrogen, wliich is evolved as gas, and 
bon, which combines with the Iron. In order to avoid this, potassium carbonate is 
tdi to the yellow prussiate .while it is being fused. A mixture of 8 parts of anhydrous 
lew prussiate and 8 parts of pure potassium carbonate is generally taken. Double 
ompositlon then takes place, resulting In the formation of ferrous parbonaie and 
Minium cyanide. But by this method, as by the first, a pure salt is not obtained, 
MM# a portion of the potassium cyanide is oxidised at tho expense of the iron 
mnate mA forms potassium oyanate, FeUO a +KQN ** CO*+Fe+KCNO; and the* 
w»Ium cyanide very easily forms oxide, which acts on the sides of the vessel in, 
oh the mixture Is heated (to avoid, this Iron vessels should be used). By adding. 
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Gold and silver are soluble in potassium cyanide in tbe presence t)f 
air, in which case the hydrogen, which would otherwise be evolved m 
the reaction, combines with the oxygen of the air, forming water (Eisster, 
MacLaurin, 1893), for example, 4Au + 4K0N *f 0 + B a O ** 2AuKC a N fl 
+ 2KHO, which is taken advantage of for extracting gold from it® 
ores (Chapter XXrV*.)* 1 * *** Platinum, mercury, and tin are not dis¬ 
solved in a solution of potassium cyanide, even with aooess of air. 
Potassium nitrate, or common nitre or saltpetre, KNO^ is chiefly 
used as a component part of gunpowder, in which it cannot be replaced 
by the sodium salt, because the latter is deliquescent; It is necessary 
that the nitre in gunpowder should be perfectly pure, as even small 
traces of sodium, magnesium, and calcium salts, especially chlorides, 
render the nitre and the gunpowder capable of attracting moisture 
Nitre may easily be obtained pure, owing to its great disposition to 
form crystals both large and small, which aids its separation from other 
salts. The considerable differences between the .solubility of nitre at 
different temperatures aids this crystallisation. A solution of nitre 
saturated at its boiling point (116°) contains 335 parts of nitre to 100 
farts of water, whilst at th$ ordinary temperature—for instance, 20°-— 
the solution is only able to retain 32 parts of the salt. Therefore, in 
the preparation and refining of nitre, its solution, saturated at tbe 
boding point is cooled, and nearly all the nitre is obtained in the form 
of crystals. If the solution be quietly and slowly cooled in large 
quantities then large crystals are formed, but if it be rapidly cooled and 
agitated then small crystals are obtained. In this manner, if not all, 
at all ©vents the minority, of the impurities present in small quantities 
remain in the • mother liquor. If an unsaturated solution of nitre be 
rapidly cooled, so as to prevent the formation of large crystals (in whose 
crevices the mother liquor, together with the impurities* would remain), 
the very minute crystals of nitre known as saltpetre flour are obtained. 

Common nitre occurs in nature, but only in small quantities in 
admixture with other nitrates, and especially with sodium, magnesium, 
and calcium nitrates. Such a mixture of salts of nitric acid is formed 
in nature in fertile earth, and in those localities where, as in the soil, 
nitrogenous organic remains are decomposed in the presence of alkalis 
or alkaline bases with free access of $ir. This method of the formation 
of nitrates requires moisture, besides the free access of air, and takes 
place principally during warm weather. 14 In warm countries, and in 
18 *»*• A dilute solution of KCN is taken, not containing more than 1 per cent. KCN. 
MacLauriu explains this by the fact Hint strong solutions dissolve gold less rapidly, owing 
to their dissolving less air, whose oxygen is necessary for the reaction, 

w Betides which ScMoessing and Mttnte, by employing rimilar methods to Pasteur, 
Showed that the formation of nitre in the decomposition of nitrogenous substances lit 



PRINCIPLES OP OHEItfISTRY 

temperate climates during the summer months, fertile soils produde & 
small quantity of nitre. In this respect India is especially known: as 
affording a considerable supply of nitre extracted from the soil. The' 
nitre-bearing soil after the rainy season sometimes becomes covered 
during the summer with crystals of nitre, formed by the evaporation 
of the water in which it was previously dissolved. This soil is col*' 
lected, subjected to repeated lixiviations, and treated for nitre as will 
be presently described In temperate climates nitrates are obtained 
from the lime rubbish of demolished buildings which have stood for 
many years, and especially from those portions which have been in con¬ 
tact with the ground. The conditions there are very favourable for 
the formation of nitre, because the lime used as a cement in buildings 
contains the base necessary for the formation of nitrates, while the 
excrement, urine, and animal refuse are sources of nitrogen. By the 
methodical lixiviation of this kind of rubbish a solution of nitrogenous 
salts is formed similar to that obtained by the lixiviation of fertile 
soil. A similar solution is also obtained by the lixiviation of the so 
Called nitre plantations. They are composed of manure interlaid with 
brush-wood, and strewn over with ashes, lime, and other alkaline 
rubbish. These nitre plantations are set up in those localities where 
the manure is not required for the fertilisation of the soil, as, for 
example, in the south-eastern ‘black earth f Governments of Russia. 
The same process of oxidation of nitrogenous matter freely exposed to 
ah* and moisture daring the warm season in the presence of alkalis 
takes place in nitre plantations as in fertile soil and in the walls of 
buildings. From all these sources there is obtained a solution con¬ 
taining various salts of nitric acid mixed with soluble organic matter. 
The simplest method of treating this impure solution of nitre is to 
add a solution of potassium carbonate, or to simply treat it with 
ashes containing this substance. The potassium carbonate entqrs into 
double decomposition with the calcium and magnesium salts, forming 
insoluble carbonates of these bases and leaving the nitre in solution. 
TSms, for instance, K 2 C0 8 + Oa(NO a ) a = 2KJST0 8 + 0a00 8 . 3?oth 
caMum andmagnesium carbonates are insoluble, and therefore after 
treatment with potassium carbonate the solution no longer contains 
salts of these metals but' only the salts of sodium and potassium 
together with organic matter. The latter partially separates on 
heating in an insoluble form, and is entirely destroyed by heating the 
nitre to a low red heat. The nitre thus obtained is easily purified by 
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repeated crystallisation. The greater part of the nitre used for 
making gunpowder is now obtained from the sodium salt Chili salt * 
petre or cubic nitre , which occurs in nature, as already mentioned. 
The conversion of this salt into common nitre is also carried on by 
means of a double decomposition. This is done either by adding 
potassium carbonate (when, on mixing the strong and hot solutions, 
sodium carbonate is directly obtained as a precipitate), or, as is now 
most frequent, potassium chloride. When a mixture of strong solu¬ 
tions of potassium chloride and sodium nitrate is evaporated, sodium 
chloride first separates, because this salt, Vhich is formed by the 
double decomposition KOI -f NaN0 3 = KN0 3 4- NaCI, is almost 
equally soluble in hot and cold water; on cooling, therefore, a large 
amount of potassium nitrate separates from the saturated solution, 
while the sodium chloride remains dissolved. The nitre is ultimately 
purified by recrystallisation and by washing with a saturated solu¬ 
tion of nitre, which cannot dissolve a further quantity of nitre but only 
the impurities. 

Nitre is a colourless salt having a peculiar cool taste. Tt crystal¬ 
lises easily in long striated six-sided rhombic prisms terminating in 
rhombic pyramids. Its crystals (sp. gr-1 ’93) do not contain water, but 
their cavities generally contain a certain quantity of the solution from 
which they have crystallised. For this reason in refining nitre, the 
production of large crystals is prevented, saltpetre flour being prepared. 
At a low red heat (339°) nitre melts to a colourless liquid. 14 bis 
Potassium nitrate at the ordinary temperature and in a solid form is 
•inactive and stable, but at a high temperature it acts as a powerful 
oxidising agent , giving up a considerable amount of oxygen to substances 

14 Before fusing,, the crystals of potassium nitrate change their form, and take the 
same form as sodium nitrate—that is, they change into rhombohedra. Nitre* crystal¬ 
lises from hot solutions, and in general under the influence of a rise of temperature, in a 
different form from that given at the ordinary or lower temperatures. Fused nitre solidi¬ 
fies 'to a radiated crystalline mass; but it does not exhibit this structure if metallio 
chlorides be present, so that this method maybe taken advantage of to determine the 
degree of purity of nitre. 

Camelley arid Thomson (1888) determined the fusing point of mixtures of potassium 
and sodium nitrates. Tire first gait fuses at 889° and the second at 816°, and if p be 
the percentage amount of potassium nitrate, then the results obtained were— 

p sss-10 20 80 40 50 60 70 80 90 

298° 283° 268° : 242° 232.° 231° 242° 284° 306° 

which confirms Shaffgotsch’s observation (1857) that the lowest fusing point (about 231°) 
is given by mixing molecular quantities (p — 54'3) of the salts—that is, in the formation 
of the alloy, KNC^NaNOj. 

A somewhat similar result was discovered by the same observers for the solubility of 
mixtures of these salts at 20° in 100 parts of water. Thus, if p be the weight of potas¬ 
sium nitrate mixed with-100 -p parts*by weight of sodium nitrate taken for solution, 
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lilxed with it. 15 When thrown on to incandescent charcoal it brings 
about its rapid combustion, and a mechanical mixture of powdered 
charcoal and nitre ignites when brought into contact with a red-hot 
substance, and continues to bum by itself. In this action, nitrogen 
is evolved, and the oxygen oxidises the charcoal, in consequence of 
which potassium carbonate and carbonic anhydride are formed: 
4KR0 3 +50 = 2K a C0 3 + 3C0 2 + 2N 2 . This phenomenon depends on 
the fact that oxygen in combining with carbon evolves more heat than 
it dctes in combining with nitrogen. Hence, when once the combustion 
has been started at the expense of the nitre, it is able to go on without 
requiring the aid of external heat. A similar oxidation or combustion at 
the expense of the contained oxygen takes place when nitre is heated 
with-different combustible substances If a mixture of sulphur and 
nitre be thrown upon a red-hot surface, the sulphur burns, forming 
potassium sulphate and sulphurous anhydride. In this case, also, the 
nitrogen of the nitre is evolved as gas • 2K1T0 3 +2S = K a S0 4 +N 3 
+S0 2 . A similar phenomenon -occurs when nitre is heated with 
many metals. The oxidation of those metals which are able to form 
acid oxides with an excess of oxygen is especially remarkable. In 
this case they remain in combination with potassium oxide as potassium 
Salts. Manganese, antimony, .arsenic, iron, chromium, &c. are in¬ 
stances of this. kind. These elements, like carbon and sulphur, displace 
free nitrogen. The lower oxides of these metals when fused with nitre 
pass into the higher oxides. Organic substances are also oxidised 
when heated with nitre—that is, they burn at the expense of the nitre. 
It will be readily understood from this that nitre is frequently used in 
practical chemistry and the arts as an oxidising agent at high temper- 

sad c he the quantity of the mixed salts which dissolves in 100, the solubility of sodium 
nitrate being 85, and of potassium nitrate 84, parts in 100 ports of water, then-* 

J7* 10 20 80 40 60 60 70 80 00 

c=U0 186 186 188 108 81 78 84 41 

The max imu m solubility proved not to correspond with the most fusible mixture, hut 
t to one much richer in sodium nitrate. 

Both these phenomena show that in homogeneous liquid mixtures the chemical forces 
that act between substances ore the same as those that determine the molecular weights 
of substances, even when the mixture consists of such analogous .substances as potas- 
Sium and sodium nitrates, between which there is no direct chemical interchange. It is 
instructive to note also that the maximum solubility does not correspond with the mini¬ 
mum fusing point, which naturally depends on the fact that in solution a third substance, 
namely Water, plays a part, although an attraction between the salts, like that which 
foists between sodium and potassium carbonates (Note 8), also partially ants. 

Fused nitre, with a further rise of temperature, disengages oxygen and t he n nitro¬ 
gen. JThe nitrite KNO s is first formed and then potassium oxide. The admixture of 
tsmtain uietals for example, of finely-divided copper—aids the last deco TO po flitiogh* The 
oxygen in this case naturally passes over to the metal. 
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atures, Its application in gunpowder is based on this property ; gun¬ 
powder consists of a mechanical mixture of finely-ground sulphur, nitre, 
and charcoal. The relative proportion of these substances varies accord¬ 
ing to the destination of the powder and to the kind of charcoal employed 
(a friable, incompletely-burnt charcoal, containing therefore hydrogen 
and oxygen, is employed). Gases are formed in its combustion, chiefly 
nitrogen and carbonic anhydride, which oreate a considerable pressure 
if their escape be in any way impeded. This action of gunpowder 
maybe expressedby\h© equation : 2K2ST0 3 + 30 + S = K a S + 3CO a 4*N a . 

It is found by this equation that gunpowder should contain thirty- 
six parts of charcoal (13*3 p.o.), and thirty-two parts (1T9 p.c.) of sul¬ 
phur, to 202 parts (74*8 p.c.) of nitre, which is very near to its actual 
composition. 10 

16 In China, where the manufacture of gunpowder has long boon carried on, 76*7 parts 
of nitre, 14*4 of charcoal, and 9*0 of sulphur are used. Ordinary powder for sporting 
purposes contains BO parte of nitre, 12 of charcoal, and 8 of sulphur, whilst the gunpowder 
used in heavy ordnance contains 76 of nitre, 16 of oharooal, and 10 of sulphur Gun¬ 
powder explodes when heated to 800°, when struck, or by contact with a spark. A 
compact or finely-divided mass of gunpowder bums slowly and has but little disruptive 
action, because it burns gradually. To act properly the gunpowder must have a definite 
rate of combustion, so that the pressure should increase during the passage of the 
projectile along the barrel of the fire-arm. This is done by making the powder in large 
granules or in the shape of six-sided prisms with holes through them (prismatic 
powder). 

The products of combustion are of two kinds * (1) gases which produce the pressure 
and are the cause of the dynamical action of gunpowder, and (2) a solid residue, 
usually of a black colour owing to its containing unburnt particlos of charcoal. Besides 
oharooal, the residue generally contains potassium sulphide, K a S, and a whole series of 
otter aadta— for Inatane®, carbonate and sulphate. It is apparent from this that the 
eomlmstton of gunpowder Is not so simple as it appears to be from the above formulo, and 
hence the weight of the residue it also greater than indicated by that formula. According 
to the formula, 270 parti of gunpowder give HO parts of residue—that is, 100 parts of 
powder give 87*4 parts of residue, K*S, whilst in reality the weight of the residue varies 
from 40 p.c. to 70 p.c. (generally 62 p.o,). This difference depends on the foot that so 
much oxygen (of the nitre) remains in the residue, and it is evident that if the residue 
varies the composition of the gases evolved by the powder will vary also, and therefore 
*tto entire process will bo different in different cases. The difference in the composition 
of the gases and residue depends, as the researches of Gay-Lussac, Shishkofif and Bun- 
son, Nobel and Abel, Federoff, Debus, Ac., show, on the conditions under which the 
combustion of the powder proceeds. When gunpowder bums in an open spaoo, the 
pmtxms products which arc formed do not remain in contact with the residue, and then 
a considerable portion of the charcoal entering into the composition of the powder 
rwtnalns unbumt, booauso the charcoal burns after the sulphur at the expense of the 
oxygen of the nitre. In this extreme case the commencement of the combustion of the 
gunpowder maybe expressed by the equation, 2 KN 0 g+ 80 +S «20 + Ka60 4 +C0 a +Na. 
The residue in a blank cartridge often consists of a mixture of O, KaSO*, K a OO s , and 
K#|0|. If the combustion of the gunpowder be impeded—if it tako place in a cartridge 
la the barrel of a gun—the quantity of potassium sulphate will first be diminished, then 
tt# amount of sulphite, whilst the amount of carbonic anhydride in the gases and the 
amount Of potaaaium sulphide in the residue will increase. The quantity of charcoal 
mtfrieg Into the action will then be also Increased, and henoe tho amount in the residue 
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hydrogen = 1). This shows that the molecule of potassium (like that 
of sodium, mercury, and zinc) contains but one atom. This is also the 
case with many other metals, judging by recent researches. 10 The 
specific gravity of potassium at 15° is 0*87, and is therefore less than 
that of sodium, as is also the case with all its compounds, 20 Potassium 
decomposes water with great ease at the ordinary temperature, evolving 
45,000 heat units per atomic weight in grams. The heat evolved is 
sufficient to inflame the hydrogen, the flame being coloured violet from 
the presence of particles of potassium. 21 

With regard to the relation of potassium to hydrogen and oxygen* 
it is closely analogous to sodium in this respect. Thus, with hydrogen 
it forms potassium hydride, K a H (between 200° and 411°), and with 
oxygon it gives a suboxide K*0, oxide 3L a O, and peroxide, only more 
oxygon outers into the composition of the latter than in sodium per¬ 
oxide ; potassium poroxido contains KO a , but it is probable that in the 
combustion of potassium an oxide KO is also formed, Potassium, 
like sodium, is soluble in mercury. 22 In a word, the relation between 
sodium and potassium is as close as that between chlorine and bromine; 
or, better still, between .fluorine and chlorine, as the atomic Weight of 


w The molecules o! non-molds aro more complex—for instanoe, H a , 0 3 , Cl 2 , <feo. But 
arsenic, whoso superficial appearance recalls that of metals, but whose chemical proper*- 
ties approach more nearly to the non-metals, has a complex molecule containing As*. 

80 At the atornio weight of potassium is greater than that of sodium, tlio volumes 
of the' molecules, or the quotients of the molecular weight by the specific gravity; for 
potassium compounds arc greater than those of sodium compounds, because both the 
denominator and numerator of the fraction increase. We die for comparison the volumes 
of the oomsponding compounds— 

Na 24 NoIIO 18 NaOl 28 NoNO* 87 NoaS0 4 U 
K 4S KIIO 27 KOI 89 KNO 5 46 JC 3 S0 4 60 

*1 The some precautions must be taken in decomposing water by potassium as have 
to bo observed with sodium (Chapter II., Note 8 ). 

It must bo observed that potassium ’ decomposes oarbonio anhydride and oarbonift 
oxide when healed, the carbon being liberated and the oxygen taken up by the motel, 
whilst on the other hand charcoal takes up oxygen from potassium, as is soon from the 
preparation of potassium by heating potash with charcoal, henoo tho reaction XiD+O 
• K f +00 it reversible wad tho relation is the same in this case as between hydrogen 
glftO. 

» forms aUoyt with $ 0 dmm in all proportions. Tho alloys containing X and 

$ equivalents of potassium to one equivalent of sodium are liquids, like mercury at the 
ordinary temperature. tfoannis, by determining the amount of heat developed by these 
ohey» in decomposing water, found the evolution for Na®K, NoK, NaK®, and NoE# to be 
44% 441,48*8 and 44*4 thousand heat units respectively (for Na 42*8 and for K 40*4), 
Tht formation of the alloy NaK® is therefore accompanied by the development of heat,, 
whflit the other alloys may b® regarded a® solutions of potatsium or sodium in this alloy, 
Xn *ay cose a foil of the temperature of fusion is evident in this instance as in the alloys 
of nitre (Note 14)* The liquid alloy NaK a is now used for filling thermometers employs#, 
for temperature* above 860°, when mercury boils. 

*12 
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For convenience in carrying on this kind of testing, Spectroscope* 
(fig. 72) are constructed, 23 consisting of a refracting prism and three 
tubes placed in the plane of the refracting angle of the prism. One 
of the tubes, O, has a vertical slit at the end, giving access to the light 
to be tested, which then passes into the tube (collimator), containing a 
lens which gives the rays a parallel direction. The rays of light having 
passed through the slit, and having become parallel, are refracted and dis¬ 
persed in the prism, and the spectrum formed is observed through the 


eye-piece of the other tele¬ 
scope B. The third tube 
D contains a horizontal 
transparent scale (at the 
outer end) which is 
divided into equal divi¬ 
sions. The light from a 
source such, as a gas 
burner or candle placed 
before this tube, passes 
through the scale, and 
is reflected on that face 
of the prism which stands 
before the telescope B, 
so that the image of 
the scale is seen through 
this telescopy© simul¬ 
taneously with the spec¬ 
trum given by the rays 
passing through the 
slit of the tube 0. In 



PIG. 72.—Spectroscope. The prism aud table are covered with 
am opaque cover. The spectrum obtained from the flame 
coloured by a substance introduced on the wire is viewed 
through B. A light is placed before the scale D in order 
to illuminate the imago of the scale reflected through B 
by the side of the prism. 


this manner the image of the scale and' the spectrum given by the* 
source of light under investigation are seen simultaneously. If the 


25 For accurate measurements and comparative researches more complicated spec¬ 
troscopes are required which give a greater dispersion, and are furnishod for this 
purpose with several prisms—for example, in Browning’s spectroscope the light passes 
through six prisms, and then, having undergone an internal total reflection, passes 
through the upper portion of the same six prisms, and again by an internal total reflec¬ 
tion passes into the ocular tube. With suoh a powerful dispersion the relative position 
of the spectral lines may be determined with accuracy. For the absolute and exact 
determination ot the wave lengths it is particularly important that the spcotroscope 
eh°uld be famished with diffraction gratings. The construction of speotrosoopes des¬ 
tined for special purposes (for example, for investigating the light of stars, or for deter- 
xmning the absorption spectra in microscopic preparations, &c.) is exceedingly varied. 
Petails of the subject must be looked for in works on physics and on spectrum analysis. 
Among the latter the best known for their completeness and merit are those of Boscoe, 
K&yser, Vogel, and Lecoq de Boiabaudran. 
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(observed in the contra! portions of the scale. If a mixture of sodium 
and potassium salts be now introduced into the flame, three lines 
will be soon simultaneously—namely, the red and pale violet lines of 
potassium and the yellow line of sodium. In this manner it is possible, 
by the aid of the spectroscope, to determine the relation between the 
spectra of metals and known portions of the solar spectrum. The con¬ 
tinuity of the latter is interrupted by dark lines (that is, by an absence 
of light of a definite index of refraction), termed the Fraunhofer lines 
of the solar spectrum. It has been shown by careful observations (by 
Fraunhofer, Brewster, Foucault, Angstrom, Kirchhoff, Oornu, Lockyer, 
Dewar, and others) that there exists an exact agreement between the 
spectra of certain metals and certain of the Fraunhofer lines. Thus the 
bright yellow sodium line exactly corresponds with the dark Fraun¬ 
hofer line D of the solar spectrum. A similar agreement is observed 
in tho case of many other metals. This is not an approximate or chance 
correlation. In fact, if a spectroscope having a large number of re¬ 
fracting prisms and a high magnifying power be used, it is seen 
that the dark line D of the solar spectrum consists of an entire system 
of closely adjacent but definitely situated fine and wide (sharp, distinct) 
dark lines, 86 and an exactly similar group of bright lines is obtained 
when tho yellow sodium line is examined through the same apparatus, 
so that each bright sodium line exactly corresponds with a dark .line in 
the solar spectrum. 86 Wfl This conformity of the bright lines formed by 
sodium with the dark lines of the solar spectrum cannot bo accidental. 
This conclusion is further confirmed by the fact that the bright lines 
of other metals correspond with dark lines of th© solar spectrum. 
Thus, for example, a series of sparks passing between the iron electrodes 
of a Buhmkorflf coil gives 450 very distinct lines characterising this 
metal. All those 450 bright lines, constituting the whole spectrum Corre¬ 
sponding with iron, are repeated, as Kirchhoff showed, in the solar 
spectrum as dark Fraunhofer lines which ooour in exactly the same situa¬ 
tions as the bright lines in the iron speotrum, just' as the sodium lines 
correspond with the band D in the solar spectrum. Many observers 
have in this manner studied the solar spectrum and the speotra of 
different metals simultaneously, and discovered in the former lines which 

m Th© two mo tfe distinct linen of D, or of sodium, have wave-lengths of 080'S and 688*9- 
millionth!) of a millimeter, besides which fainter and fainter line* are seen whose wave¬ 
lengths in millionth® of a millimeter are 6887 and 588% 618*0 and 016*4, 515*5 and 610*9, 
€96*8 and 498*9, &©., according to Liveing and Dewar. 

Mi la the ordinary speotrosoopes which art usually employed in ehemical research, 
one yellow bead, which-doen not split up Into thinner lines, is seen instead of th© System 
of sodium lines, owing to the small dispersive power of the prism and the width of th$ 
f0it of the object tube. 
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correspond not only with sodium mill iron, but also with many iitli#* 1 
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spectrum in the form of Fraunhofer lines may be obtained, as will be 
explained directly In order to clearly understand the phenomenon of 


the ordinary laboratory spectroscopes 
with one prism, even with all possible 
prooiaion o! arrangement and with a 
brilliancy of light permitting the 
observations being made with a very 
narrow aperture, the lines whose wave- 
lengths only differ by %-$ millionths 
of a millimetre, ore blurred together; 
and with a wide aperture a series of 
lines differing by even as much as 
SK> millionths of a millimetre appear 
as one wide lino. With a faint light 
(that is, with a small quantity of 
light entering into the Bpeotroscopo) 
only the most brilliant lines are 
clearly visible. The length of the 
lines does not always correspond 
with their brilliancy. According to 
Lockyer this length is determined 
by placing the carbon electrodes 
(between which the incandescent 
vapours of the metals are formed), 
not horizontally to the slit (as they 
are generally placed, to give more 
light), but vertically to it. Then 
certain lines appear long and others 
short. As a rule (Lookyer, Dewar, 
Cornu), the longest lines are those 
with which it is easiest to obtain 
rm-mm I spectra (m later). Conse¬ 
quently, these lines are the most 
characteristic. Only the longest and 
most brilliant are given in our table, 
which is composed on the basis of 
a collection of the data at our di®« 
jwmal for bright spectra of the in¬ 
candescent and rarefied vapours of 
the elements. As the spectra change 
with great variations of temperature 
and vapour density (the faint lines 
become brilliant whilst the bright 
lines eometimes disappear), which is 
particularly clear from Ciamioian’s 
researches on the halogens, until 
the method of observation and the 
theory of the subject arc enlarged, 
particular theoretical importance 
should not be given to the wave-lengths 
showing the maximum brilliancy, 
which only possess a practical 
eignlil canoe in the common methods 
of spoctrosoopic observations. In 
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lined may bo ascribed to the absorption of certain rays of light in its 
passage from the luminous mass of the sun to the earth. The remark* 
able progress made in all spectroscopic research dates from the in¬ 
vestigations made by Kwrchhqjf( 1859) on the relation between absorption 
spectra and the spectra of luminous incandescent gases. It had already 
boon observed long Wore (by Fraunhofer, Foucault, Angstrdm) that 
the bright spectrum of the sodium flame gives two bright lines which 
are in exactly the same position as two black lines known as D in 
the solar spectrum, which evidently belong to an absorption spectrum. 
When Kirchhoff caused diffused sunlight to fall upon the slit of a 
spectroscope, and placed a sodium flame before it, a perfect super¬ 
position was observed—the bright sodium lines completely covered 
the black lines D of the solar spectrum. When further the continuous 
spectrum of a Drummond light showed the black lino D on placing 
a sodium flame between it and the slit of the spectroscope—that 
is, when the Fraunhofer line of the solar spectrum was artificially pro* 
•duced—then there was no doubt that its appearance in the solar spectrum 
was due to the light passing somewhere through incandescent vapours 
of sodium. Hence a now theo*7 of reversed spectra n arose—that is, 

chromatin photography, the spectra of blood, chlorophyll (the green constituent of leaves), 
and other similar substances, all the more carefully as by the aid of their spectra the 
presence of these subatanoos may bo 'discovered in small quantities (oven in microscopical 
quantities, by the aid of epeoial appliance® ou the microscope), and the changes they 
undergo investigated. 

The absorption spectra, obtained at the ordinary temperature and proper to 
substances in all physical states, offer a most extensive but a* yet little studied field, both 



no. Absorption spectra of nltroggo dioxide and Iodise. 


for the general theory of spkitrosoopy, and for gaining an insight into the structure of 
substances. The investigation of colouring matters has already shown that In certain 
oases a definite change of composition and structure entails not only a definite 
change of the colours but also a displacement of the absorption bands by a definite 

number of mtve-Umgthe. 

** A number of methods have been invented to demonstrate the reversibility of 
epeetra; among these methods we will cite two which are very easily carried out. In 
Bunsen’s method sodium chloride It put into an apparatus for evolving hydrogen (the 
epmy of the edit fa then carried off by the hydrogen and eoloert the flame with the 
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imagine that the sun, owing to the high temperature which is proper to it* 
emits a brilliant light which gives a continuous spectrum, and that this 
light, before reaching our eyes, passes through a space full of the vapours 
of different metals and their compounds. As the earth's atmosphere 88 
contains very little, or no, metallic vapours, and as they cannot be sup- 
posed to exist in the celestial space, 32 bls the only place in which 
the existence of such vapours can be admitted is in the atmosphere 
surrounding the mm ztself. As the cause of the sun's luminosity must 
be looked for in its high temperature, the existence of an atmosphere 
containing mefcallio vapours is readily understood, because at that 
high temperature such metals as sodium, and even iron, are sepa¬ 
rated from their compounds and converted into vapour. The sun must 
be imagined as surrounded by an atmosphere of incandescent vaporous 
and gaseous matter, 33 including those elements whose reversed spectra 
correspond with the Fraunhofer lines—namely, sodium, iron, hydrogen, 
lithium, calcium, magnesium, &c. Thus in spectrum analysis we find 
a means of determining .the composition of the inaccessible heavenly 
luminaries, and much has been done in this respect since KirchhofFs 
theory was formulated. By observations on the spectra of many 
heavenly bodies, changes have been discovered going on in them, 34 and 

53 Brewster, as is mentioned above, first distinguished the atmospherics, cosmiea! 
Fraunhofer lines from the solar lines. Janssen showed that the spectrum of the atmo¬ 
sphere contains lines which depend on the absorption produced by aqueous vapour. 
Egoreff, Olszewski, Janssen, and Liveing and Dewar showed by a series of experiments 
that the oxygen of the atmosphere gives rise to certain lines of the solar spectrum, 
especially the line A. Liveing and Dewar took a layer of 105 c.m. of oxygen compressed 
under a, pressure of 85 atmospheres, and determined its absorption spectrum, and found 
that, besides the Fraunhofer lines A and B, it contained the following groups: 080-022, 
681-568, 585,480-475. The same lines were found for liquid oxygen. 

52 bis if the material of the’whole heavenly space formed the absorbent medium, the 
spectra of the stars would be the same as the solar spectrum; but Huyghens, Lookyer, 
and others showed not only that this is the case for only a few stars, but that the 
majority of stars give spectra of a different character with dork and bright lines and 
bands. 

35 Eruptions, like our volcanic eruptions, but on an incomparably larger ecalo, are oI 
frequent occurrence on the sun. They are seen as protuberances visible during a total 
eclipse of the sun, in the form of vaporous masses on the edge of the solar diso and 
emitting a faint light. These protuberance’s of the sun are now observed at all times by 
means of the .spectroscope (Lockyer’s method), because they cdntain luminous vapours 
(giving bright lifi.es) of hydrogen and other elements. 

84 The great interest and vastness of astro-physical observations concerning the sun, 
comets, stars, nebulae, &c., render this new province of natural science very important, 
and necessitate referring the reader to special works on the Bubject. 

The most important astro-physical data since the time of Kellner are those referring 
to the displacement of the lines of the spectrum. Just as a musical note changes its 
pitch with the approach or withdrawal of the resonant object or the ear, so the pitch of 
the luminous note or wave-length of the light varies if the luminous (or absorbent) vapour 
and the earth from which we observe it approach or recede from each other; this 
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eommon salt be introduced into the flame of a gas-burner, a portion of 
it is decomposed, first forming, in all probability, with water, hydro¬ 
chloric acid and sodium hydroxide, and the latter then becoming partially 
decomposed by the hydrocarbons, giving metallic sodium, whose incan¬ 
descent vapour emits light of a definite refrangibility. This conclusion 
is arrived at from the following experiment:—If hydrochloric acid gas 
be introduced into a flame coloured by sodium it is observed that the 
Sodium spectrum disappears, owing to the fact that metallic sodium 
cannot remain in the flame in the presence of an excess of hydrochloric 
acid.- The same thing takes place on the addition of sal-ammoniac, 
which in the heat of the flame gives hydrochloric acid. If a porcelain 
tube containing sodium chloride (or sodium hydroxide or carbonate), and 
dosed at both ends by glass plates, be so powerfully heated that the 
Salt volatilises, then the sodium spectrum is not observable ; but if the 



fsa. U .—Bright spectra of copper compounds. 


salt’be replaced by sodium, then either the bright line or the absorp¬ 
tion spectra is obtained, according to whether the light emitted by the 
incandescent Vapour be observed, or light passing through the 
tube. Thus the above.spectrum is not*given by sodium chlorido or 
other sodium compound, but is proper to the metal sodium itself. This 
is also the case with other analogous metals. The chlorides and other 
halogen compounds of barium, calcium, copper, &c., give independent 
spectra which differ from those of the metals. If barium chloride be 
introduced into a flame, it gives a mixed spectrum belonging to metallic 
barium and barium chloride. If besides barium chloride, hydrochloric 
acid or sal-ammoniac be introduced into the flame, then the spectrum 
of the. metal disappears, and that of the chloride remains, which differs 
distinctly from the spectrum of barium fluoride, barium bromide, or 
barium iodide. A dertairi common resemblance and certain common 
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mo reason for supposing that the spectrum of a compound is equal to 
the sum of the spectra of its elements—^that is, every compound which 
is not decomposed by heat has its own proper spectrum. This is best 
proved by absorption spectra, which are essentially only reused spectra 
observed at low temperatures. If every salt of sodium, lithium, and 
potassium gives one and the same spectrum, this must be ascribed 
to the presence in the flame of the free metals liberated by the 
decomposition of their sailts. Therefore the phenomena of the spectrum 
dfe determined bp molecules, and not by atoms —that is, the molecules 
of the metal sodium, and not its atoms, produce those particular 
vibrations which determine the spectrum of a sodium salt* Where 
there is no free metallic sodium there is no sodium spectrum. 

Spectrum analysis has not only endowed science with a knowledge 
of the composition of - distant heavenly bodies (of the sun, stars, 
nebulae, comets, &c.), but has also given a new method for study¬ 
ing the matter of the earth's surface. With its help Bunsen discovered 
two new elements belonging to the group of the alkali metals, and 
thallium, indium, and gallium were afterwards discovered by the same 
means. The spectroscope is employed in the study of rare metals 
(which in solution often give distinct absorption spectra), of dyes, 
and of many organic substances, &c. 87 With respect to the metals 
which are analogous to sodium, they all give similar very volatile 

their light may be examined by .placing the apparatus in front of the slit of a spectro¬ 
scope. The variations to which a spectrum is liable may easily be observed by increasing 
the distance between the wires, altering the direction of the current or strength of the 
solution, &c. 

37 T~h a importance of the spectroscope for the purpose of chemical research was 
already shown by Gladstone in 1856, but it did not become an accessory to the laboratory 
■until after the discoveries of KircKhoff and Bunsen. It may be hoped that in time 
spectroscopic researches will meet certain wants of the theoretical (philosophical) 
side of chemistry, but as yet all that has been done in this respect can only be regarded 
as attempts which have not yet led to any trustworthy conclusions. Thus many investi¬ 
gators, by collating the wave-lengths of all the light vibrations excited by a given element, 
endeavour to find the law governing their mutual relations j others (especially Hartley 
j*.nr\ Ciamician), by comparing the spectra of analogous elements (for instance, chlorine, 
bromine, and iodine), have succeeded in noticing definite features of resemblance m, 
them, whilst others (Griinwald) search for relations between the spectra of compounds 
and their component elements, &c.; but—owing to the multiplicity of the spectral lines 
proper to many elements, and (especially in the ultra-red and ultra-violet ends of the 
.spectrum) the existence of lines which are undistinguishable owing to their faintness, 
and also owing to the comparative novelty of spectroscopic researoh—this subject cannot 
he considered as in any way perfected. Nevertheless, in certain Instances there is 
evidently some relationship between the wave-lengths of all the spectral lines formed by 
a given element. Thus, in the hydrogen spectrum the wave-length = 864*542 4), 

if m varies as a series of whole numbers from 8 to 15 (Walmer, Hagebach, and others). 
Ror example, when wi~ 8, the wave-length of one of the brightest lines of the hydrogen 
spectrum is obtained (656*2), when m=7, one of the visible violet lines (896*8), and when 
m is greater than 9, the ultra-violet lines of the hydrogen spectrum. 
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and potassium ; but the carbonate is sparingly soluble in cold water, 
whioh fact is taken advantage of for separating lithium from potassium 
and sodium. This salt, Li 2 C0 5 , is easily converted into the other 
compounds of lithium. Thus, for instance, the lithium hydroxide, 
LiHO, is obtained in exactly the same way as caustic soda, by the 
action of lime on the carbonate, and. it is soluble in water and 
crystallises (from its solution in aloohol) as LiH0,H 2 0. Metallic 
lithium is obtained by the action of a galvanic current on fused 
lithium chloride ; for this purpose a cast-iron crucible, furnished 
with a stout cover, is filled with lithium chloride, heated until the 
latter fuses, and a strong galvanic current is then passed through the 
molten mass. The positive pole (fig. 77) 
consists of a dense carbon rod 0 (sur¬ 
rounded by a porcelain tube P fixed in an 
iron tube BB), and the negative pole of 
an iron wire, on which the metal is 
deposited after the current has passed 
through the molten mass for a certain 
length of time. Chlorine is evolved at the 
positive pole. When a somewhat consider¬ 
able quantity of the metal has accumulated 

,, . ... ..v , .■» i i • Fig. 77.—•Preparation of lithium bv the 

on the Wire it IS withdrawn, the metal IS action of a galvanio current on fused 

collected from it, and the experiment is u<iMum boride. 

then carried on as before. 89 blB Lithium is the lightest, of all metals, its 

specific gravity is 0*59, owing to which it floats even on naphtha; it 

melts at 180°, but does not volatilise at a red heat. Its appearance 

recalls that of sodium, and, like it, it has a yellow tint. At 200° 

it bums in air with a very bright flame, forming lithium oxide. In 

decomposing water it does not ignite the hydrogen. The characteristic 

test for lithium compounds is the red coloration which they impart to 

a colourless flame. 40 

Bunsen in I860 tried to determine by means of the spectroscope 

» fcia Guhtws (1898) reoommends adding KCl to the LiCl in preparing Ll by this 
method, and to act with a current of 10 ompfcres at 20 volts, and not to heat above 450°, 
eo as to avoid the formation of Li a Cl. 

40 In determining the presence of lithium in a given compound, it is best to treat the 
material under investigation with acid (in the case of mineral silicon compounds hydro¬ 
fluoric acid must be taken), and to treat the residue with sulphuric acid, evaporate to 
dryness, and extract with alcohol, which dissolves a certain amount of the lithium 
sulphate. It Is easy to discover lithium in suoh an alcoholio solution by means of the 
coloration imparted to the flame on burning it, and in case of doubt by Investigating its 
light In a spectroscope, because lithium gives a red line, which is very characteristic and 
Is found as a dark line ha the solar spectrum. Lithium was first discovered in 1817 in 
petolite by Arfvedson. 
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whether any other as yet unknown metals might not occur’ in different 
natural products together With lithium, potassium, and sodium, and he 
soon discovered two new alkali metals showing independent spectra. 
Theysare named'after the characteristic coloration which they impart to. 
the flame. One which gives a red and violet hand is named rubidium , 
from rubidius (dark red), and the other is called ccesium , because it 
colours a pale flame sky blue, which depends on its containing bright, 
blue rays, which appear in the spectrum of caesium as two blue bands 
(table on p. 565). Both metals accompany sodium, potassium, and 
lithium, but in small quantitiesrubidium occurs in larger quantity ^ 
than caesium. The amount of the . oxides of caesium and rubidium in 
lepidolite does not generally exceed one-half per cent. Rubidium has also 
been found in the ashes of many plants, while the Stassfurfc carnallite 
(the mother-liquor obtained after having been treated for KC1) forms 
an abundant source for rubidium and also partly for caesium. 
Rubidium also occurs, although in' very small quantities, in the majority 
of mineral waters. In a very few cases'caesium is not accompanied by 
rubidium; thus, in a certain granite on the Isle of Elba, caesium has 
been discovered, hut not rubidium. This granite contains a very rare 
mineral calledpoZte, which contains as much €4 per cent, of caesium 
oxide. Guided by the spectroscope, and aided by the fact that the 
double salts of platinic chloride and rubidium and caesium chlorides 
are still less soluble in water than the corresponding potassium salt, 
K 2 PtCl 6 , 41 Bunsen' succeeded in separating both metals from each 
other and from potassium, and demonstrated the great resemblance 

41 The salts of the majority of metals are precipitated as carbonates on the addition 
of ammonium carbonate—for instance, the salts of calcium, iron, &c. The alkalis whose 
carbonates are soluble are not, however, precipitated in this case. On evaporating the 
resultant solution and igniting the residue (to remove the ammonium salts), we obtain 
salts of the alkali metals. They may be separated by adding hydrochloric acid together 
with a solution of platinic chloride. The chlorides of lithium and sodium give easily soluble 
double salts with platinic chloride, whilst the chlorides of potassium, rubidium, and 
casium form double salts which are sparingly soluble. A hundred parts of water at 
0° dissolve 0*74 part of the potassium platinochloride; the corresponding rubidium 
platinochloride is only dissolved to the amount of 0*184 part, and the ccesium salt, 
0*024 part; at 100° 5*18 parts of potassium platinochloride, K 2 PtCl 6 , are dissolved, 
0*6&4 part of rubidium platinochloride, and 0*177 part of c»sium platinochloride. 
From this it is dear how the salts of rubidium and csssium may be isolated. The 
separation of c»sium from rubidium by this method is very tedious. It can be be’tter 
effected by taking advantage of the difference of the solubility of their carbonates in 
alcohol; ccesium. carbonate, Cs 2 C0 3 , is soluble in alcohol, whilst the corresponding salts 
■of rubidium and potassium are almost insoluble. Setterberg separated these metals as 
Alums, but die best method, that given by Soharples, is founded on the fact that from 
a mixture of the chlorides of potassium, sodium, ccesium, and rubidium in the pre- 
'toenca of hydrochloric acid, stannio chloride precipitates a double salt of ccesium, which 
ft very slightly soluble. The salts of Rb and Cs are closely analogous to those of 
potassium. 
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they bmt to each other. Tho isolated motels , 43 rubidium and oassium, 
have respectively the specific gravities 1-52 and 2-366, and melting 
points 39° and 27° as N.N. Bokotoff showed (1894), he having obtained 
Ctt$«ium by heating OsAlO* with Mg ( 4a u»). 

Judging by the properties of tho free metals, and of their corre¬ 
sponding and mm very complex compounds, lithium, sodium, potas¬ 
sium, rubidium, and cwiium present an indubitable chemical resem¬ 
blance. The fact that tho motels easily decompose water, and that their 

a Bmmn obtained rubidium by distilling a mixture of the tartrate with soots, and 
(18S8) by heating the hydroxide wi th aluminium, SRbHO 4- A.1 - RbAlO* + H a + Rb. 
JJy the action of 85 grama of rubidium on water, 04,000 boat unite aro evolved. Sotterborg 
obtained ©miium (M%) by the electrolysis of a fused mixture of cyanide of crosiura and 
of barium. WInkte (1800) showed that metallic magnesium reduces the hydrates and 
mrbonatei of Rb and Os like th© other alkaline metals. N. N. Bokotoff obtained them 
with aluminium (aoe following note), 

41 bl * Reketeff (1H8H) showed that metallic aluminium reduces tho hydrates of tho 
alkahno metals at a red heat (they should bo perfectly dry) with the formation of 
adumfofttes (Chapter XVII,), BAIO*—for example, aKU0 + Al«KA10 a + K + H a . It is 
evident that In thl« oast only half of tho alkaline metal i® obtained free. On tho other 
feftndt K* Winkle* (1889) showed that magnesium powder i® alio able to reduce the 
nBtadlti# Mitel# tom their hydrate# and carbonate!, N. N. Biketofl and Tscherbaoheff 
(MM) prepared emstam upon this principle by heating its alumlnate CsAI0 9 with 
magnesium powder. In this ease alumlnate of magnesium is formed, and tho whole of 
the omnium Is obtained at metal: aOsAlO* + Mg - MgGAlsA* 90a. A certain excess of 
alumina was taken (In order to obtain a less hygroscopic mass of aluminate), and 
magnesium powder (In order to decompose tho last traces of water); the CsA10 a was 
prepared by the precipitation of osmium -alums by caustic baryta, and evaporating tho 
iwenUanfc solution. Wo may mid that N.N. Bokotoff (18H7) prepared oxide of potassium, 
KfO, by heating the peroxide, ICO, in the vapour of potassium (disengaged from its alloy 
with store*), and showed that la dissolving In an excess of water It evolves (for tho above- 
given molecular weight) 07,400 calories (white ffljiO to dissolving in water evolve* 
*4,990 eel j so that KfO+llfO gives 40,480 oak), whenoe (knowing that Ka+0 + H a O in 
on excess of water evolves 104,000) It follows that X§+0 evolves 07,100 cal. This quantity 
It somewhat less than that (100,000 oal.) which corresponds to sodium, and the energy of 
the action of potassium upon water is explained by the fact that KgO evolves more heat 
than Naa<) In combining with water (fee Chapter II. Note 0). duet as hydrogen displaces 
lialf tho Na from Na^O forming N*UO, so also N. N. Beketofl found from experiment 
and therimvokeinlosl reasonings that hydrogon'dlsptaoes bed! the potassium from K a O, 
forming ItHO and evolving 7,100 eateries. Oxide Of lithium, Li a O, which is easily, 
formed by igniting LlgOOg with carbon (when X4|0 + 900 is formed), disengages 
110,000 tmli. with on excess of water, while the. reaction Li# 4 0 gives 114,000 cals, and 
til# reaction £4 + H f O gives only 18,000 oal®., and metallic lithium cannot be liberated 
fir am oxide of lithium with hydrogen (nor with carbon). Thu® in the series Li, Na, K, 
the formation of R*0 gives most heat with 14 and least with K, white the formation of 
BO! evolves most heat with K (108,000 oals.) and least of all with Li (98,500 cols.). 
Bubldlnm, la forming Rb«0, give# 94,000 oals. (Beksbofl). Cisslum, in acting upon an 
excess of water, evolves 81,800 oals., and the reaction Os*+0 evolves about 100,000 cals. 
*•4*#* nose %ba A K mid Rb, and almost as much as Na—and oxide of cmium reacts 
with by#tti§f» (Moocdlng to th# equation Os«0 + H«OsHO + Os) more easily than any 
Of tho of the elkeli metals, and this reaction takes place at tire ordinary tem- 

pme^hwm (the hydrogen I* absorbed), m Bekeioft showed (1898). He also obtained a 
mined cwMte* AgOsO, wltteh was easily tewed to the presenoe of silver, and absorbed 
hydrogen with tb# formation of CsHO. 
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hydroxides HHO and carbonates R 2 00 3 are soluble in water, whilst the 
hydroxides and carbonates of nearly all other metals are insoluble, shows 
that these metals form a natural group of alkali metals. The halogens 
and the alkali metals form, by their character, the two extremes of the 
elements. Many of the other elements are metals approaching the 
alkali metals, both in their capacity of forming salts and in not forming 
acid, compounds, but are not so energetic as the alkali metals, that is, 
they form less energetic bases. Such are the common metals, silver, 
iron, copper, <fec. Some other elements, in the character of their com¬ 
pounds, approach the halogens, and, like them, combine with hydrogen, 
but these compounds do not show the energetic property Of the halogen 
acids ; in a free state they easily combine with metals, but they do not 
then form such saline compounds as the halogens do—in a word, the 
halogen properties are less sharply defined in them than in the halogens 
themselves. Sulphur, phosphorus, arsenic, &c. belong to this order 
of elements. The clearest distinction of the properties of the halogens 
and alkali metals is expressed in the fact that the former give acids 
and do not form bases, whilst the latter, on the contrary, only give 
bases. The first are true acid elements, the latter clearly-defined basic 
or metallic elements . On combining together, the halogens form, in a 
chemical sense, unstable compounds, and the alkali metals alloys in 
which the character of the metals remains unaltered, just as in the 
compound IC1 the character of the halogens remains undisguised ; thus 
both classes of elements on combining with members of their own class 
form non-characteristic compounds, which have the properties of their 
components. On the other hand, the halogens on combining with the 
alkali metals form compounds which are, in all respects, stable, and in 
which the original characters of the halogens and alkali metals have 
entirely disappeared. The formation of such compounds is accompanied 
by evolution of a large amount of heat, and by an entire- change of both 
the physical .and chemical properties of the substances originally taken. 
The alloy of sodium and potassium, although liquid at the ordinary 
temperature, is perfectly metallic, like both its components. The 
compound of sodium and chlorine has neither the appearance nor the 
properties of the original elements ; sodium chloride melts at a higher 
temperature, and is more difficultly volatile, than, either sodium or 
chlorine. 

With all these qualitative differences there is, however, an important 
quantitative resertyblance betzoeen the halogens and the alkali metals. 
This- resemblance is clearly expressed by stating that both orders of 
elements belong to those which are univalent with respect to hydrogen. 
It is thus correct to say that both the above-named orders of ele- 
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i replace hydrogen atom for atom. Chlorine! is able to take the 
of hydrogon by motelopm®, and the alkali metals take the place 
Irogon in water and acids. As it m possible to consecutively re- 
every equivalent of hydrogen in a hydrocarbon by chlorine, so it 
ihiblo in an acid containing several equivalent* of hydrogen to 
co tho hydrogen consecutively equivalent after equivalent by 
kali motel ; hence an atom of these elements is analogous to an 
of hydrogen, which m taken, in all case®, as the unit for tho 
muon of the other elements. In ammonia, and in water, chlorine 
xlium are able to bring about a direct replacement. According 
o law of substitution, tho formation of sodium chloride, jSTaCI, 
jo shown tho equivalence of the atoms of tho alkali metals and tho 
ms. Tho halogens and hydrogen and tho alkali metals combine 
mch elements iih oxygen, and it is easily proved that in such corn- 
la one atom of oxygen is able to retain two atoms of tho halogens, 
Irogen, and of the alkah metals. For this purpose it is enough to 
«r© the compounds KUO, JC a O, HOIO, and 01 8 0, with water. It 
not b© forgotten, however, that the halogens give, with oxygen, 
« compound* of tho type E a O, higher acid grades of oxidation, 
tho alkali metals and hydrogen arc not capable of forming. Wo 
idem sec that those relations arc also subject to a special law, 
ng a gradual transition of the properties of the elements from 
kali motels to the halogens. 43 

m atomic weights of the alkali metals, lithium 7, sodium 23, 
dum 39* rubidium 85, and otttlum 133, show that here, as in the 
of halogens, the dements may be arranged according to their 

a weight* In order to compare the properties of the analogous 
modi of tho members of this group. Thus, for example, the 
oohlorules of lithium and sodium are soluble in water; those 

V# may hero ob<u>rvo that the halogens, anti especially iodino, way play the part 
tin (htmm imUno ii more easily replaced by metals than the other halogens, ana it 
eliPi nearer to the muWtt In Its physical proportion than tho other halogens), 
imberger obtained a compound 0/^0(001), which he called chlorine acetate, by 
m acetic anhydride, (OgHgO)/), with ohlorln« monoxide, Cl./). With iodine this 
met gives off chlorine and foypw iodine acetate, C/I 3 0(OI), which also Si formod 
action of Indiiie eWorld# on tedium acetate, O a H ft O(ONa), These compounds are 
|y nothing nltoi than mixed anhydrides of hypoohlorcm® and hypoiodous acids, or 
duet* of the substitution of hydrogen In ItHO hy a halogen (soe Chapter XI., 
W ami W his). Bitch (compounds mm very unstable, dtoompow with an explosion 
aated, Mid are cd|*ng*d hy this action of water and of many other reagents, which 
wit)* the fact that they contain very closely allied elements, as doe® C1 3 0 
* Id « 4£Mo» By the action of chlorine monoxide on a mixture of iodine and 
anhydride, SoHUtsanterger also obtained the compound I(C a H 3 O a )$, which is 
lo IOI fl bmmvw the group OfHgOf is, like OS, a halogen, forming salts with* 
fri ff h ttrallar propertiac ar# found in iodoiQboaacne (Chapter XI., Note 70)« 
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hydroxides IfcHO and carbonates R 2 C0. 3 are soluble in water, whilst the 
hydroxides and carbonates of nearly all other metals are insoluble, shows 
that these metals form a natural group of alkali metals . The halogens 
and the alkali metals form, by their character, the two extremes of the 
elements. Many of the other elements are metals approaching the 
metals, both in their capacity of forming salts and in not forming 
acid compounds, but are not so energetic as th.e alkali metals, that is, 
they form less energetic bases. Such are the common metals, silver, 
iron, copper, <fcc. Some other elements, in the character of their com¬ 
pounds, approach the halogens, and, like them, combine with hydrogen, 
but these compounds do not show the energetic property of the halogen 
acids ; in a free state they easily combine with metals, but they do not 
then, form such saline compounds as the halogens do—in a word, the 
halogen properties are less sharply defined in them than in the halogens 
themselves. Sulphur, phosphorus, arsenic, &c. belong to this order 
of elements. The clearest distinction of the properties of the halogens 
and alkali metals is expressed in the fact that the former give acids 
and do not form bases, whilst the latter, on the contrary, only give 
bases. The first are true add elements^ the latter clearly-defined basic 
or metallic dements . On combining together, the halogens form, in a 
chemical sense, unstable compounds, and the alkali metals alloys in 
which the character of the metals remains unaltered, just as in the 
compound IC1 the character of the halogens remains undisguised ; thus 
both classes of elements on combining with members of their own class 
form non-characteristic compounds, which have the properties of their 
components. On the other hand, the halogens on combining with the 
alkali metals form compounds which are, in all respects, stable, and in 
which the original characters of the halogens and alkali metals have 
entirely disappeared. The formation of such compounds is accompanied 
by evolution of a large amount of heat, and by an entire- change of both 
the physical .and chemical properties of the substances originally taken. 
The alloy of sodium and potassium, although liquid at the ordinary 
temperature, is perfectly metallic, like both its components. The 
compound of sodium and chlorine has neither the appearance nor the 
properties of the original elements ; sodium chloride melts at a higher 
temperature, and is more difficultly volatile, than either sodium or 
chlorine. 

With all these qualitative differences there is, however, an important 
quantitative resemblance between the halogen# and the alkali metal#* 
Tins- resemblance is clearly expressed by stating that both orders of 
elements belong to those which are univalent with respect to hydrogen. 
It is thus correct to say that both the above-named orders of ele- 
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monts replace hydrogen atom for atom. Chlorine! is able to take the 
placn of hydrogen by motalopms, arid the alkali metals take the place 
of hydrogen in water and acids. Ah it in possible to consecutively re¬ 
place every equivalent of hydrogen in a hydrocarbon by chlorine, so it 
is possible in an acid containing several equivalents of hydrogen to 
replace the hydrogen consecutively equivalent after equivalent by 
an alkali metal ; hence an atom of those elements is analogous to an 
atom of hydrogen, which Is taken, in all cases, as the unit for the 
emmpamon of the other elements. In ammonia, and in water, chlorine 
■and sodium are able to bring about a direct replacement. According 
to the law of substitution, the formation of sodium chloride, NaOl, 
at once shown the equivalence of the atoms of the alkali metals and the 
halogens. The halogens and hydrogen and the alkali metals combine 
with such elements as oxygen., and it is easily proved that in such com¬ 
pounds one atom of oxygen is able to retain two atoms of the halogens, 
of hydrogen, and of tho alkali metals. For this purpose it is enough to 
compare the compounds KEG, K a O, HUIO, and <JJ g O, with water. It 
must not be forgotten, however, that the halogens give, with oxygen, 
besides compounds of -tho typo R a O, higher acid grades of oxidation, 
which tho alkali metals and hydrogen are not capable of forming. Wo 
shall goon see that these relations are also subject to a special law, 
showing a gradual transition of the properties of tho elements from 
tho alkali metals to the halogens, 4a 

Tho atomic weights of tho alkali metals, lithium 7, sodium 23, 
potassium SB, rubidium 85, and omnium lS3, show that hero, m in tho 
class of halogen*, tho elements may be arranged according to their 
atomic weights in order to compare tho properties of the analogous 
compoumla of the members of this group. Thus, for example, the 
platinochloridoa of lithium and sodium are soluble in water ; those 

«» W«* may horn observe that the halogens, and especially iodine, may play tho part 
of imotals (hence iodine in more easily replaced hy motuk than tho other halogens, and ife 
approaches nearer to tho metak in its physical properties than tho other halogens). 
SehUtatnherger obtained a compound 0 * 140 ( 001 ), which he called chlorine acetate, hy 
anting «n noetic anhydride, (a a lf 8 0)’A with chlorine monoxide, Cl/). With iodine this 
oomjwwnd given till chlorine and forpni iodine acetate, 4^(01), which ahto is formed 
by tlni action of iodine chloride on sodium acetate, 0 9 H^0(C)Na). Theso compounds are 
evidently nothing eke than mixed anhydrides of hypoohloruui and bypoiodous acids, or 
the products of the substitution of hydrogen in RHO hy a halogen (see Chapter XL, 
Nates 2D and 78 bin). Buoh compounds are very unstable, decompose with an explosion 
when boated, and are eljanged by tho action of water and of many oilier reagents, which 
it to Moordfenos with the fact that they contain very dowdy allied elements, as does C1 3 0 
Itwlf, or 101 or KNo. By tho action of chlorine monoxide on a mixture of iodine and 
acetio anhydride, Soblitatnhergir also obtained lbs compound I(C a H 3 O a ) 3 , wldch is 
analogous to 10I S , booaut# tho group C s U 5 O a i», like 01, a halogen, forming salts with' 
tbb moW* Similar properties am found to iodosobeawm# (Chapter XI., Note 70), 
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CHAPTER XIV 

*ffi& VALENCY AND iPECIPIO HEAT Of TUB METALS. MAGNBflim 
CALCIUM! STRONTIUM, BARIUM, AND BERYLLIUM 

It Is mmj by investigating the composition of corresponding com* 
pounds, to establish tho iqmmhnt might* of the metals compared with 
hydrogen—-that is, the quantity which replace® one part by weight of 
hydrogen. If a motel decomposes acids directly, with tho evolution of 
hydrogen, the equivalent weight of the mated may bo determined 
by taking a definite weight of it and measuring the volume of hydrogen 
evolved by its action on m exow of add; it is then easy to calculate 
the weight of the hydrogen from its volume, 1 The same result may be 
arrived at by determining the composition of the normal salts of the 
metal; for instance, by finding tho weight of metal which combines 
With 35*5 parts of chlorine or BO parts of bromine, 3 The equivalent of 
m metal may be also ascertained by simultaneously (Le. in one circuit) 
decomposing m acid and a fused salt of a given metal by an electric 
current and determining tee relation between the amounts of hydrogen 
and metal separated, bernum, according to Faraday 1 ® Jaw, electrolytes 
(conductors of the second order) are always decomposed In equivalent 
quantities,* The equivalent of a metal may even be found by simply 

1 Under favourable ebvum§i§me<Mi (by taking all the requisite precaution®), the weight 
Of th# nquivdtoit may b« accurately d#Urmto#d by Uii» method, Thus Reynolds and 

Ramsay (1HB7) determined tho equivalent of due to b# 09*7 by this method (from the 
of 39 experiment*}, whllit by other methods it ha® been fixed (by different 
ebs#r?«ri§) between 8fi‘W end 88*98, 

Th# differonett® to thsir equivalent* may be demonstrated by taking equal weights of 
different meWt, and eoUsoting the hydrogen evolved hy them (under the action of ah 
sold or alkali}. 

* The trout aoeumte determitmtleni of this kind were oarried on by Btai, and win be 

ffeaorfbed to Chapter XXIV. 

» #»* The amount of »l«etrleity in on# oonlomb according to the present nomen- 
dftturt of stootrtoal unite (tm Works on Rhyeloe and Eleotro-teohnology} dieengagee 
0*0000X080 gram of hydrogen, O’OOUS gram of silver, 0*0008308 gram of copper from the 
••Jit* of the oxide, and OCOOilld gram from the salts of tho suboxid#, Are. The®# amount® 
•trad to the um mtto m the equivalents, is, aw too quantise® replaced by one part by 
w®%Mofhyd»fm. TOi# intimate bond which !• becoming more and more marked 
•xiattog between to# sleoteolytio and purely toemioal relation® of iub®tanoe» (eipedally 
to solution®) and to# application of eleokolysto to to# preparation of numeroua substance# 
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If this be done, taking Mg =12 (and not 24 as now); not only is 
a simplicity of expression of the composition of all the compounds of 
magnesium attained, but we also gain the advantage that their com* 
position will be the same as those of the corresponding, compounds of 
sodium and potassium. These combinations were so expressed formerly 
-why has this since been changed 7 

These questions could only be answered after the establishment of 
the idea of multiples of the atomic weights as the minimum quantities 
of certain elements combining with others to form compounds—in 
a word, since the time of the establishment of Avogadro-Gerhardt’s law 
(Chapter VII.). By taking such an element as arsenic, which ha^ 
many volatile compounds, it is easy to determine the density of these 
compounds, and therefore to establish their molecular weights, and 
hence to find the indubitable atomic weight, exactly as for oxygen, 
nitrogen, chlorine, carbon, &c. It appears that As = 75, and its com-* 
pounds correspond, like the compounds of nitrogen, with the forms 
AsX 3 , and AsX 5 ; for example, AsH 3 , AsC1 3 , AsFl 5) As 2 0 5 , <fec. It is 
evident that we are here dealing* with a metal (or rather element) of 
two valencies, which moreover is never univalent* but tri- or quinqui¬ 
valent. This example alone is sufficient for the recognition of the 
existence of polyvalent atoms among the metals. And as antimony 
and bismuth are closely analogous to arsenic in all their, compounds, 
(just as potassium is analogous to rubidium and caesium) ; so, 
although very few volatile compounds of bismuth are known, it was 
necessary to ascribe to them formulae corresponding with those ascribed 
to arsenic. 

As we shall see in describing them,, there are also many analogous 
metals among the bivalent elements, some of which .also give volatile 
compounds. For example, zinc, which is itself volatile, gives several 
volatile compounds (for instance, zinc ethyl, ZnC 4 H l0) which boils at 
118°, vapour density = 61*3), and in the molecules of all these com¬ 
pounds there is never less than 65 parts of zinc, which is equivalent to 
H 2 , because 65 parts of zinc displace 2 parts by weight of hydrogen ; so 
that zinc is just such an example of the bivalent metals as oxygen* 
whose equivalent = 8 (because H 2 is replaced by O = 16), is a repre¬ 
sentative of the bivalent elements, or as arsenic is of the tri- and 
quinqui-valent elements. And, as we shall afterwards see, magnesium 
is in many respects closely analogous to zinc, which fact obliges us to 
regard magnesium as a bivalent metal. ^ 

Such metals as mercury and copper, which are able to give not onO 
r but two bases, are of particular importance for distinguishing univalent 
and bivalent metals. Thus copper gives the suboxide 0u 2 O and tho 
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oxide CuO~-that is, the compounds CuX corresponding with the sub« 
oxide are analogous (in the quantitative relations, by their composition) 
to HaX or AgX, and the compounds of the oxide CuX 2 , to MgX 2 , 
ZnX 2 , and in general to the bivalent metals. It is clear that in such 
examples we must make a distinction between atomic weights and 
equivalents. 

in this manner the valency, that is, the number of equivalents 
entering into the atom of the metals may in many cases be established 
by means of comparatively few volatile metallic compounds, with 
the aid of a search into their analogies (concerning which see Chapter 
XV.). The law qf specific heats discovered by Dulong and Petit has 
frequently been applied to the same purpose 3 in the history of chemistry, 
especially since the development given to this law by the researches of 
Regnault, and since Cannizzaro (1860) showed the agreement between 
the deductions of this law and the consequences arising from Avogadro- 
Cerhardt’s law. 

Dulong and Petit, having determined the specific heat of a number 
of solid elementary substances, observed that as the atomic weights of 
the elements increase, their specific heats decrease, and that the product 

8 The chief means by which we determine the valency of the elements, or what 
multiple of the equivalent should be .ascribed to the atom, are: (1) The law of Avogodro- 
Gerhardfc. This method is the most general and trustworthy, and has already been 
applied to a great number of elements. (2) The different grades of oxidation and their 
isomorphism or analogy in general; for example, Ee—Kfl because the suboxide (ferrou's 
Oxide) is isomorphous with magnesium, oxide, &c., and the oxide (ferric oxide) contains 
half as much oxygen again as the sub oxide. Berzelius, Marignao, and others took advan¬ 
tage of thid method for determining the composition’of the compounds of many elements. 
($} The specific heat, according to Dulong and Petit’s law. Regnault, and more especially 
Cannizzaro, used this method to distinguish univalent from bivalent metals. (4) The 
periodic law (see Chapter XV.) has served as a means for the determination of the 
atomic weights of cerium, uranium) yttrium, &o., and more especially of gallium, 
scandium, and germanium. The correction of the results of one method by those 
of others is generally had reoourse to, and is quite necessar^ because, phenomena of 
dissociation, polymerisation, &c., may complicate the individual determinations by each 
method. 

It will he well to observe that a number.of other methods, especially from the provinoe 
<4 those physical properties which are clearly dependent on the magnitude of the atom 
(or.equivalent) or of the’molecule, may lead to the same result. I pmy point out, for 
instance, that even the specific gravity of Solutions of the metallic chlorides may serve 
lor this purpose. Thus, if beryllium be taken as trivolent—that is; if the composition of 
its chloride be taken as BeClg. (or a polymeride of it), then the specific gravity of 
eolations of beryllium chloride'Will not fit into the series of the other metallic chlorides. 
But by ascribing to it an atomic weight Be = 7, or taking Be as bivalent, and the compoli- 
eon of its Chloride as BeCl* We arrive at the general rule given in Chapter VII., Note 28. 
Umus w. <*. Burdakoff determined in my laboratory that the specific gravity at 15°/4° 
Jzjjr 6 SIwItw? + 2 OOH 2 O « l'0l88—that is, greater than the corresponding solution 

(-1*0121), and less than the solution MgCla+200H a O (-1*0808), as would 
follow from the magnitude of the molecular weight BeCl**80, ainoe KC1-74-5 and 
mgCla—Off. * 
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qf $h§ hmt Q into the atomic vmyht A w an almost constant 

ft t ant tty* Thi« mmim that to bring different elements Into a known 
thermal state an equal amount of work is required if atomic quantities 
of the oleuumt# aro taken ; that in, this amounts of heat expended in 
heating equal quantities by weight of the elements are far from equal, 
but are in inverse proportion to the atomic weights. For thermal 
changes the atom is a unit ; all atoms, notwithstanding the difference 
of weight and nature, are equal This is the simplest expression of the 
fact discovered by Dulong and Petit The specific heat measures that 
quantity of boat which is required to raise the temperature of one unde 
ff mmgM of ft substance by one degree. If the magnitude of the 
spocrifio heat of elements be multiplied by the atomio weight, then wo 
obtain the atomic heat—that is, the amount of heat required to raise 
the temperature of the atomio weight of an element by one degree. It 
J« those products which for the majority of the elements prove to bo 
approximately, if not quite, identical. A complete identity cannot bo 
expected, because the specific heat of one and the same substance 
varies with the temperature, with its passage from one state into 
another, and frequently with even a simple mechanical change of 
density (for instance by hammering), not to speak of aUotropIo changes, 
4c. We will otto several figures 4 proving the truth of the oonolu- 


* 

* Thi) uptteffte tuiata har« glvitn mim to diffnrant limits of temperature, but fa the 
of <*uw* tatwwn C f* and 100°; only In tea oaa© of bromine the spcolfio heat id 
fcaW (for tint solid state) at a temp«ratttYi» bedow ~~Y\ aooording to Itognault's deter- 
mfaatfaft, The wtfrtektkm. gf ite h$(& with a ohango of irntpamtum is a 

v§ry phenwwmm, fth# ocutldoraiioa d? which I think would hero b«> out of place. 

I will osly cite a tew figures as m ssample. According to Bysteora, the sptoiflo heat of 
lm al #•0*1110, U iMPmOltU, m at 80# ^0*1907, sad at 1,400® 

• 0*4081, Between those last Umits of temperature a ehsnge takes place fa Iron (a spon¬ 
taneous boating, reeatorsMSs), m wo shall me fa Chapter XXDt. For quarts SlOg 
Ffanehan glvcm Q*« 0*1787 + U7f*10-» up to 400®, for mttaHte idumfafam 

(Blol»rd% IttOi) at 0^ 0*113$ at ft(J® 0*334, at 100° 0*983 f consequently, os a rale, 
toe specific him! varies slightly with iho temgMMraturet Still more remarkable am 
21. E. Woter‘8 observaliens «u the groat variation of th© speolflo host of chwooal, the 


diatnond and boron: 

0» 

Wood 

0*15 

01amc»d 

0*10 

Bwoo 

0U$ 


too 0 

mp 

000® 

000° 


0*20 

0*44 

0*40 

0*19 

0*20 

0*44 

0*45 

0S9 

0*86 

— 

— 


These detemtoftttos, which have boon verified by Dewar, L® Ohateller (Chapter YHL, 
Hote IS), Holman, and Oautota, the latter finding few boron AQ-fiat 400°, are of mpmhi 
toportaace m confirming the universality of Dtilong md Petit'# law, because the 
dements mentioned above form exceptions to the general rule whoa the mean tpteiAo 
h«ai ti taken tor tempmaturc# between 0® and 100°. Thus fa tho ease of the diamond 
the product of AxQ at # •* t% and for boron «■3*4. But if w® tefce the ^©dfio heat 
tewttfds ttiyeh-dtoe is evidently a tendency with a rise of temperature, we obtain 
a psoduvt sp^toAchfait to 6 rk with other elements. Thus with toe diamond and 
efayrcoai, ft Is cvktaat tost tos &pod&a beat tends toward® 0*47, whioh mnltiplod by M 
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■ions arrived at by D along and Petit with respect to solid elementary 

bodies. 

In 

Ka 

Mg 


A = 

7 

23 

24 

31 

Q = 

0-9408 

0-2934 

0*245 

0*202 

AQ = 

6-59 

6*75 

5*88 

6*26 


Fe 

Cu 

Zn 

Br 


A ^ 

4,* O 

56 

63 

65 

80 

Q = 

0-112 

0*093 

0-093 

0*0843 

AQ = 

6-27 

'5-86 

6-04 

6*74 


Pd 

Ag 

Sn 

I 

A = 

106 

108 

118 

127 

Q=* 

0-0592 

0056 

0-Q55 

0*541. 

AQ = 

6-28 

6*05 

6-49 

6-87 


Pt 

Au 

Hg 

Pb 

A = 

196 

198 

200 

206 

Q == 

0-0325 

0*0324 

0*0333 

0*0315' 

AQ = 

6-37 

6-41 

6*66 

6*49 


It is seen from this that the product of the specific heat of the 
element into the atomic weight is an almost constant quantity* 
which is nearly 6. Hence it is possible to determine the valency 
by the specific heats of the metals. Thus, for instance, the specific 
heats of lithium, sodium, and potassium convince us of the fact that 
their atomic weights are indeed those which we chose, because by 

gives 5*6, the some as for magnesium and aluminium. I may here dirept the reader’s 
attention to the fact that for solid elements having a small atomio weight, the specific 
heat varies considerably if we take the average figures for temperatures 0° to 100°: 

Li-7 Be=9 B=ll C=12 

Q= 0-94 0*42 0*24 0*20 

AQ= 6*6 8*8 20 2*4 

It is therefore dear that the specific heat of beryllium determined at a low temperature 
cannot serve for establishing its atomicity. On the other hand, the low atomio heat of 
charcoal, graphite, and the diamond, boron, &c., may perhaps depend on the complexity 
of the molecules of these elements. The necessity for acknowledging a great complexity 
of the molecules of carbon was explained in Chapter VIII. In the case of sulphur the 
molecule contains at least S 6 and its atomic heat *82 x 6*168=5*22, which is distinctly 
below the normal. If a large number of atoms of carbon are contained in the molecule 
of charcoal, this would to a certain extent account for its comparatively small atomio 
heat. With respect to the specific heat of compounds, it will not be out of place to 
mention here the conclusion arrived at by Kopp, that the molecular heat (that is, the 
product of MQ) may be looked on as the sum of the.atomic heats of its component 
elements; but as this rule is not a general one, and can only be applied to give an approxi¬ 
mate estimate of the specific heats of substances, I do not think it necessary to go into 
Che details of the conclusions described in Liebig’s ( Annalen Supplement-Band,’ 18.64$ 
which includes a number of determinations made by Kopp. 
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=*nultiplymg the specific heats found by experiment by the correspond¬ 
ing atomic weights we obtain the following figures : Li, 6*59, NTa, 6*75 
and K, 6*47. Of the alkaline earth metals the specific heats have been 
determined : of magnesium = 0*245 (Regnault and Kopp), of calcium 
*= 0*170 (Bunsen); and of barium = 0*05 (Mendel^eif). If the same 
composition be ascribed to the compounds of magnesium as to the 
corresponding compounds of potassium, then the equivalent of mag¬ 
nesium will be equal to 12. On multiplying this atomic weight by the 
specific heat of magnesium, we obtain a figure 2*94, which is half that 
which is given by the other solid elements and therefore the atomic 
weight of magnesium must be taken as equal* to 24 and not to 12. 
Then the atomic heat of magnesium = 24 x 0*245 =* 5*9 ; for calcium, 
giving its compounds a composition CaX 2 —for example CaCl 2 , CaS0 4 , 
CaO (Ca = 40)—we obtain an atomic heat = 40 x 0*17 = 6*8, and for 
barium it is equal to 137 x 0*05 = 6*8 ; that is, they must be counted 
as bivalent, or -that their atom replaces H 2 , Na 2 , or K 2 . This con¬ 
clusion may be confirmed by a method of analogy, as we shall afterwards 
see. The application of the principle of specific heats to the determi¬ 
nation of the magnitudes of the atomic weights of those metals, the 
ibagnitude of whose atomic weights could not be determined by 
Avogadro-Gerhardtfs law, was made about 1860 by the Italian pro¬ 
fessor Cannizzaro. 

Exactly the same conclusions respecting the bivalence of magnesium 
and its analogues are obtained by comparing the specific heats of their 
compounds, especially of the halogen compounds as the most simple, 
with the specific heats of the corresponding alkali compounds. Thus, 
for instance, the specific heats of magnesium and calcium chlorides, 
MgCl 2 and CaCl 2 , are 0*194 and 0*164, and of sodium and potassium 
chlorides, NaCl and KOI, 0*214 and 0*172, and therefore their molecular 
beats (or the products QM, where M is the weight of the molecule) are 
18*4 and 18*2, 12*5 and 12*8, and hence the atomic heats (or the 
quotient of QM by the number of atoms) are all nearly 6, as with the 
elements. Whilst if, instead of the actual atomic weights Mg = 24 
and Ca = 40, their equivalents 12 and 20 be taken, then the atomic 
heats of the chlorides of magnesium and calcium would be about 4*6, 
whilst those of potassium and sodium chlorides are about 6*3. 5 We 

5 It must be remarked that in the case of oxygen (and also hydrogen and carbon) 
compounds the quotient of MQfn, where n is the number of atoms in the molecule, is 
always less than 6 for solids; for example, for MgO = 5'0, CaO=5*1, Mn02=4*6, ice 
(Q‘= 0*504)=8, Si0 2 =S*5, &c. At present it is impossible to say whether this depends 
on the smaller specific heat of the atom of oxygen in its solid compounds (Kopp, Note 4) 
or on some other cause; but, nevertheless, taking into account this decrease depending 
on the presence of oxygen, a reflection of-the atomicity of the elements may to a certain 
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* complex quantity—including not only the increase of the energy of a 
substance with its rise in temperature, but also the external work of 
expansion 7 and the internal work accomplished in the molecules 
only be connected by a complete theory of liquids, which may now soon be expected, 
more especially as many sides of the subject have already been partially explained. 

7 According to the above^reasohs the quantity of heat, Q, required to raise the tem¬ 
perature of one part by weight of a substance by one degree may be expressed by the 
sum Q=K + B+D, where,& is the heat actually expended in heating the substance, or 
what is termed the absolute specific heat, B the amount of heat expended in the 
internal work accomplished with the rise of temperature, and D the amount of heat ex¬ 
pended in external work* In the case of gases the last quantity may be easily deter¬ 
mined, knowing their coefficient of expansion, which is approximately =0*00868. By 
applying to this case the same argument given at the end of Note 11, Chapter I., we find 
that one cubic metre of a gas heated 1° produoes an external work of 10883 x 0*00868, 
or 88*02 kilogrammetres, on which 38*02/424 or 0*0897 heat units are expended. This is 
the heat expended for the external work produced by one cubio metre of a gas, but the 
specific heat refers to units of weight, and therefore it is necessary* in order to know D 
to reduce the above quantity to a unit of weight. One cubio metre of hydrogen at 0° 
and 760 mm. pressure weighs 0*0896 kilo, a gas of molecular weight M has a density 
M/2, consequently a cubic metre weighs (at 0° and-760 mm.) 0*0448L£ kilo, and therefore 
I. kilogram of the gas occupies a volume 1/0*0448M cubic metres, and hence the external 
work D in the heating of 1 kilo of the given gas through* l°=0*0896/0*0448Bf, or D=2/M. 

Taking the magnitude of the internal work B for gases as negligeable if permanent gases 
4re taken, and therefore supposing B=0, we find the specific heat of gases at a constant 
pressure Q=K+2 M, where K is the specific heat, at a constant volume, or the true 
specific heat, and M the molecular weight. Hence K=Q—2/M. The magnitude of the 
specific heat Q is given by direct experiment. According to Kegnault’s experiments, for 
oxygen it=0*2175, for hydrogen 8*405, for nitrogen 0*2488; the molecular weights of 
these gases qre 82, 2, and 28, and therefore for oxygen K=0*2175 —0*0626=0*1550, 
for hydrogen; K=8*4050—1*000=2*40l>0, and for nitrogen K=0*2438-0*0714=0*1724. 
These'true specific heats of elements are in inverse proportion to their atomio weights-; 
$hat is, their product by the atomi© weight is a constant quantity. In fact, for oxygen 
this product=0*155 x 16= 2*48, for hydrogen 2*40, for nitrogen 0*7724x14=2*414, and 
therefore if A stand for the atomic weight we obtain the expression K x A=a constant, 
which may be taken as 2*46. This is the true expression of Dulong and Petit’s law, 
because K is the true specific heat and A the weight of the atom. It should be remarked, 
moreover, that the product of the observed specific -heat Q info A is .also a constant 
quantity (for oxygen=8*48, for hydrogen=8*40), because the external work D is also 
Inversely proportional to the atomic weight. 

In the case of gases we distinguish the specific heat at a constant pressure c' (we* 
designated this quantity above by Q), and at a constant volume c. It is evident that 
the relation between the two specific heats , h , judging, from the above, is the ratio of Q 
to K, or equal to the ratio of 2*45n + 2 to 2*45w. ‘When n —1 this ratio fc = l*8; when 
b*=2, &=l*4,when w=8, A:=1*3, and with an exceedingly large number n, of atomsin the 
‘molecule, k = 1. That is, the ratio between the specific heats decreases from 1*8 to 1*0 
as the number of atoms, n } contained in the molecule increases. This deduction is 
verified to a certain extent by direct experiment. For such gases as hydrogen, oxygen, 
nitrogen, carbonic oxide, air, and others in which n=2, t£e magnitude of A:'is determined 
by methods described in works on physics (for example, by the change of temperature 
With an alteration of pressure, by the velocity of sound, &c.) and is found in reality to 
be nearly 1*4, and for such gases as carbonic anhydride, nitric dioxide, and others it is 
nearly 1*3. Kundt and Warburg (1875), by means of the approximate method mentioned* 
in Note 29, Chapter VII., determined k for mercury vapour when n=l, and found it to 
be =1*67— that is, a larger quantity than for air, as would be expected from the above. 

It may be admitted that the true atomio heat of gases»2*48, only under the condition 
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are on© unit loss than the former. 9 They all belong to the number of 
light metals, as they have but a small specific gravity, in which respect 
they differ from the ordinary, generally kndwn heavy, or ore, metals (for 
instance, iron, copper, silver, and load), which are distinguished by a 
much greater specific gravity. There is no doubt that their low specific 
gravity has a significance, not only as a simple point of distinction, but 
also aa a property whicfy determines the fundamental properties of these 
metals. Indeed,. all th0 light metals have a series of points of rcsem 
bianco with the metals of the alkalis , thus both magnesium and 
calcium, like the metals of the alkalis, decompose water (without the 
addition of acids), although not so easily as the latter metals. The 
process of the decomposition is essentially one and the same; for 
example, Ca + 2H tt 0 » CaH 2 0 2 + H 2 — that is, hydrogen is liberated 
and a hydroxide of the metal formed. These hydroxides are bases 
which neutralise nearly all acids. However, the hydroxides RH 2 0 2 of 
calcium and magnesium are in no respect so energetic as the hydroxides 
of the true metals of the alkalis; thus when heated they lose water, 
are not so soluble, develop less heat with acids, and form various salts* 
which are less stable and more easily decomposed by heat than the 
corresponding salts of sodium and potassium. Thus calcium and 
magnesium carbonates easily part with carbonic anhydride when 
ignited ; tho nitrates arc also very easily decomposed by heat, calcium 
and magnesium oxides, CaO and MgO, being loft behind. The chlorides 
of magnesium and calcium, when heated with water, ovolvo hydrogen 
chloride, forming the corresponding hydroxides, and when ignited the 
oxides themselves. All these points are evidence of a weakening of tho 
alkaline properties. 

These metals have been termed the metals of the alkaline earths, 
because they, like tho alkali metals, form energetic bases. They are 
called alkaline mirths because they arc met with in nature in a state of 
combination, forming the insoluble mass of the earth, and because as 
oxides, HO, they themselves have an earthy appearance. Not a few 
salts of these metals are known which are insoluble in water, whilst 
the corresponding salts of the alkali metals are generally soluble*—for 
example, the carbonates, phosphates, borates, and other salts of tho 
alkaline earth metals are nearly insoluble. This enables us to separate 
the metals of the alkaline earths from the metals of tho alkalis. For 
this purpose a solution of ammonium carbonate is added to a mixed 
solution of salts of both kinds of metals, when by a double decomposition 
the insoluble carbonates of tho metals of the alkaline earths are formed 

* An if and KH-Cft, which is in accordance with their valency. KH 

inotodt■ two moaoval#at elements and to a bivalent group like Ca. 
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termed limestone . Some common flagstones used for paving, <fcc., and* 
chalk may be taken as examples of this kind of formation. Those 
limestones in which a considerable portion of the calcium is replaced by 
magnesium are termed dolomites . The dolomites are distinguished by 
their hardness, and by their not parting with the whole of their car¬ 
bonic anhydride so easily as the limestones under the action of acids. 
Dolomites 11 sometimes contain an equal number of molecules of calcium 
carbonate and magnesium carbonate, and they also sometimes appear 
in a crystalline form, which Is easily intelligible, "because calcium car¬ 
bonate itself is exceedingly common in this form in nature, and is,then 
known as calc spar, whilst natural crystalline magnesium carbonate is 
termed magnesite. The formation of the crystalline varieties of the 
insoluble carbonates is explained by the possibility of a slow deposition 
from solutions containing carbonic acid. Besides which (Chapter X.) 
calcium and magnesium sulphates are obtained from sea water, and 
therefore they are met with both as deposits and in springs. It must 
be observed that magnesium is held in considerable quantities in 
sea water, because the sulphate and chloride of magnesium are very 
soluble in' water, whilst calcium sulphate is but little soluble, and is 
used in the formation of shells; and therefore if the occurrence of con¬ 
siderable deposits of magnesium, sulphate cannot be expected in nature^ 
still, on the other hand, one would expect (and they do actually occur) 
large masses of calcium sulphate or gypswm, CaS0 4 ,2Hfc0. G-ypsum 
sometimes forms strata of immense size, which extend over many 
hectometres—for example, in Russia pn the Volga, and in the Donetz 
and Baltic provinces. 

Lime and magnesia also, but in much, smaller quantities (only to 
the amount of several fractions of a per cent, and rarely'more), enter 
into the composition of every fertile soil, and without these bases the 
soil is unable to support vegetation. Lime is particularly important 
In this respect, and its presence in a larger quantity generally improves 
the harvest,, although purely calcareous soils are as a rule infertile. 
For this reason the soil is fertilised both with lime 12 itself and with 

11 The formation of dolomite may be explained, if only wo imagine that a solution of 
a magnesium salt acts on calcium carbonate. Magnesium carbonate may be formed 
by double decomposition, and it must be supposed that this process ceases at >a certain 
limit (Chapter SIX), when we ahull obtain a mixture of the carbonates of calcium 
and magnesium. Haitinger heated a mixture of calcium carbonate, CaCOg, with a solu¬ 
tion of an equivalent quantity of magnesium sulphate, MgSC> 4 , in a closed tube at 200°. 
and then a portion of the magnesia -actually passed into the state of magnesium car* 
bonate, MgC0 3 , and a portion of the lime was converted into gypsum, CaS0 4 . Lubavin 
(l892) showed that MgCOg is more soluble than CaCOg in salt water, which is of Borneo 
significance in explaining the composition of sea water. 

18 The undoubted action of lime in increasing the fertility of eoils^if not in every 
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ehlorirla with the vapours of potassium. At the present time (Devilled 
process) magnesium is prepared ia rather considerable quantities by’a 
similar process, only the potassium is replaced by sodium. Anhydrou® 
magnesium chloride, together with sodium chloride and calcium fluoride, 
fa fused in a close crucible. The latter substances only servo to facili¬ 
tate the formation of a fusible mass before and after the reaction, which 
i« indispensable in order to prevent the access and action of air One 
part of finely divided sodium to five parts of magnesium chloride is 
thrown into the strongly heated molten mass, and after stirring the 
reaction proceeds very quickly, and magnesium separates, MgCl t 4* Na a 
an Mg + 2NaCl. In working on a large scale, the powdery metallic 
magnesium fa then subjected to distillation at a white heat. The dis¬ 
tillation of the magnesium is necessary, because tho undistillod metal is 
not homogeneous 14 and burns unevenly : the metal is prepared for* the 
purpose of illumination. Magnesium is a white metal, like silver ; it 
m not soft like the alkali metals, but is, on the contrary, hard like the 
majority of the ordinary metals. This follows from the fact that it 
melts at a somewhat high temperature —namely, about 500°—and boils 
-at about 1000° It it malleable and ductile, like the generality of 
metak, m that it can be drawn Into wires and rolled into ribbon ; it is 
most frequently used for lighting purposes in the latter form. Unlike 
the alkali metals, magnesium does not decompose the atmospheric 
moisture at (.he ordinary temperature, ho that it is almost unacted on 
by air ; it is not oven acted on by water at the ordinary temperature, 
m that it may be washed to free it from sodium chloride. Magnesium 
only deaompom water with the evolution of hydrogen at the boiling 
point of water, 88 and more rapidly at still higher temperatures. This 
is explained by tho fact that in decomposing water magnesium forms 
an Insoluble hydroxide, Mgri./) a , which covers tho metal and hinders 
the further action of the water. Magnesium easily displaces hydrogen 
from acids, forming magnesium salts. When ignited it hurns^ not only 
in oxygen but in air (and oven in carbonic anhydride), forming a whit© 
powder of magnesium oxide, or magnesia ; in burning it emits a whit© 
and exceedingly brilliant light. Tho strength of this light naturally 
depends on the fact that magnesium (24 parte by weight) in burning 

i« magnetiium generally contains a certain amount of magnesium nitride 

<I>*vill« mm! Canm), Mg 5 N r -that is, a product of substitution of ammonia which ia 
directly formed (an in easily shown by experiment) when magminium ia heated in nitrogen. 
It in a yellowed* gmm powder, which gives ammonia and magnesia with water, and 
cyanogen when heated with carbonic anhydride. Ihuthkoffuky (1893) showed that Mg 5 N s 
it notify formed and h the? solo product when Mg Is heated to redness lu a current of NH S . 
Perfectly pure magnesium may bo obtained by the* action of a galvanic current. 

u Hydrogen peroxide (Welteicm) dftualvotj magnoaium. Tho reaction has not been 
Investigated 
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evolves about 140 thousand heat units, and that the product of com¬ 
bustion, MgO, is infusible by heat; so that the vapour of the burning 
magnesium contains an ignited powder of non-volatile and infusible 
magnesia, and consequently presents all the conditions for the pro¬ 
duction of a brilliant light. The light emitted by burning magnesium 
contains many rays which act chemically, and f are situated in the violet 
and ultra-violet parts of the spectrum. For this reason burning 
magnesium m^y be employed for producing photographic images. 16 

Owing to its great affinity for oxygen, magnesium reduces many 
metals (zinc, iron, bismuth, antimony, cadmium, tin, lead, copper, silver, 
and others) from solutions of their salts at the ordinary temperature, 17 
and at a red heat finely divided magnesium takes up the oxygen from 
silica, alumina, boric anhydride, <fec.; so that silicon and similar 
elements may be obtained by directly heating a mixture of powdered 
silica and magnesium in an infusible glass tube. 18 

The affinity of magnesium for the halogens is much more feeble 
than for oxygen, 19 as is at once evident from the fact that a solution 
of iodine acts feebly on magnesium; still magnesium burns in the 
vapours of iodine, bromine, and chlorine. The character of magnesium 
is also seen in the fact that all its salts, especially in the presence 
of water, are decomposable at a comparatively moderate tempera¬ 
ture, the elements of the acid being evolved, and the magnesium 
oxide, which is non-volatile and unchangeable by heat, being left. 
This naturally refers to those acids which are themselves volatilised 
by heat. Even magnesium sulphate is completely decomposed at 
the temperature at which iron melts, oxide of magnesium remaining 
behind. This decomposition of magnesium salts by heat proceeds 

ie A special form of apparatus is used for burning magnesium. It is a clockwork 
arrangement in winch, a cylinder rotates, round which a ribbon or wire of magnesium is 
wound. The wire is subjected to a uniform unwinding and burning as the cylinder 
rotates, and in this manner the combustion may continue uniform for a certain time. 
The same is attained in special lamps, by causing a mixture of sand, and finely divided 
magnesium to fall from a funnel-shaped reservoir on to the flame. In photography it is 
best to blow finely divided magnesium into a colourless (spirit or gas) flame, and for 
instantaneous photography to light a cartridge of a mixture of magnesium and chlorate 
of potassium by means of a spark from a RuhmkorfTs coil (D Mendeldeff, 1889). 

17 According to the observations of Maack, Corneille, Bofctger, and others. The re¬ 
duction by heat mentioned further on was pointed out by Gauther, Phipson, Parkinson 
and Gattermann. 

18 This action of metallic magnesium in all probability depends, although only partially 
(see Note 18), on its volatility, and on the fact that, in combining with a given quantity of 
oxygen, it evolves more heat than aluminium, silicon, potassium.nnd other elements. 

^ 19 Davy, on heating magnesia in chlorine, concluded that thdre was a complete sub¬ 
stitution, because the volume of the oxygen was half the volume of the chlorine i it is 
probable, however, that owing to the formation of chlorine oxide (Chapter XI., Note SO) 
the decomposition is not complete and is limited by a reverse reaction. 
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much more easily than that of calcium salts. For example, mag¬ 
nesium carbonate is totally decomposed at 170°, magnesium oxid© 
t>eing loft* behind. This t)utff7i6$w 9 or vnagiiGsiuTto oxide 9 is met with 

both in an anhydrous and hydrated state in nature (the anhydrous 
magnesia as the mineral periehue 9 MgO, and the hydrated magnesia 
ms hruciU 9 MgH 2 0 9 ). Magnesia is a well-known medicine (calcined 
magnesia— magvmm mia). It i® a white, extremely fine, and very 
voluminous powder, of specific gravity 8*4; it is infusible by heat, and 
only thrinks or shrivels in an oxyhydrogen flame. After long contact 
the anhydrous magnesia combines with water, although very slowly, 
forming the hydroxide Mg(HO)* t which, however, parts with its 
water with groaf ease when heated even below a rod heat, and again 
yields anhydrous magnesia. This hydroxide is obtained directly as 
a gelatinous amorphous substance when a soluble alkali is mixed with 
a solution of any magnesium salt, MgCl 2 + 2KIIO = Mg(HQj a + 2KCL, 
This decomposition m complete, and nearly all the magnesium 
pauses into the precipitate ; and this clearly shows the almost perfect 
Insolubility of magnesia in water. Water dissolves a scarcely per¬ 
ceptible quantity of magnesium hydroxide—-namely, one part is dis¬ 
solved by 65,000 parts of water. Such a solution, however, ha® 
an alkaline reaction, and gives, with a salt of phosphoric acid, a 
precipitate of magnesium phosphate, which is still more insoluble. 
Magnesia in not only dissolved by acids, forming salts, but it also dis¬ 
place* certain other bases—for example, ammonia from ammonium 
liidt« when boiled ; and the hydroxide also absorbs carbonic anhy¬ 
dride from the air. The magnesium salts, like those of calcium, potas¬ 
sium, and sodium, are colourless if they are formed from colourless 
acids. Those which are soluble have a bitter taste, whence magnesia 
him been Un-mod bittor-earth. In comparison with the alkalis magnesia 
is a feeble base, inasmuch as it forms somewhat unstable salts, easily 
given bu!*ie salts, forms acid salts with difficulty, and is able to give 
double salts with the salts of the alkalis^ which facts are characteristic 
of feeble bases, m we shall see in becoming acquainted with tho different 
metals. 

Tim power of magnesium salts to form double and basic salts is 
very frequently shown in reactions, and is specially marked as re¬ 
gards ammonium salts. If saturated solutions of magnesium and 
ammonium sulphates are mixed together, a crystalline double salt 
Mg(NH 4 ) a (BO 4 ) 2 ,0II 2 O, li0 is immediately precipitated. A strong 

m Etf» a solution of ammonium chloride gives, this salt with magnesium sulphate. 
It* ip. gr. Is 1*78 i 100 parts of water at 0° dissolve 9, at 80° 17-9 parts of the anhydrous 
salt. At about ISO 0 U loses all its water. 
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Tha imrosfe analogues of magnesiuift are able Tbo give exactly similar 
double mite, both in crystalline form (monoclime system) and corn* 

double cyanides itM not separated by diffuuton, which in fall probability depends both on 
the relative rate of Uu> diffusimt of tho component salts and on the degree of affinity 
acting between them* Those complex ntutim of equilibrium which exist between water, 
tlie individual mdtn MX ami NY, and the double salt MNXY.havo Leon already partially 
entdysed (»# will be shown hereafter) in that mm when tho system m heterogeneous 
(that in, when something fmp&rates out in a solid state from tho liquid solution), but in 
the ease «f equilibria in a homogensnui liquid medium (in a. solution) tho phenomenon is 
not «o clear, because It aonccrim that very theory of solution which cannot yet be 
teotiiiilfired fit established (Chapter I., Not© 9, and others). As regards the heterogeneous 
dwoomptwition of double suite, it ban long been known that suck- salts as comalllte and 
K§Mg{B 04) 9 give up tbo moro soluble salt if an insufficient quantity qf water for their 
complete solution bo taken, Tho complete saturation of 100 parts ot water requires at 
’CP 14*1, at U0 !) and at flu w 80*2 parts of the latter double salt (anhydrous), while 100 
parte of water dissolve *i7 parts of magnesium sulphate at 0°, B0 parts at 20°, and 55 
parte at nuof the anhydrous salt taken. Of all the states of equilibrium exhibited by 
double Halts Urn mont fully investigated m yet is tho system containing water, sodium 
sulphate, umgJiimium sulphate, and their double salt, Na^Mg(80 4 L, which crystallises 
with I and 0 mol. OH*. The first eryutnllo* hydrate, MgNa a (80 4 ) 2 ,4H,j0, occurs at 
lltiwiidiut, and uh a luulmumtary dtqioait in many of tlw ©alt lakes near Astrakhan, and is. 
therefore cal loti tislrakhaniU. Th« specific gravity qf the monpalinic prisma of this salt 
4t TM* If thin salt, In a finely divided state, b© mixed #ith the necessary quantity of eteter 
faiiiitittling te the equation MgN^BO^hjlHaO 4* IBHsOraNaaSO^lOHgO •»* MgS0 4 ,7Hg0) v 
tho mixture solidifies like plaster of Faria into a boruoffenoouq mass if the temperature 
be bmhm ai° (VWt Holt uud Van Deventer, 1880; Bakhuis Booaeboom, 1887); but 
it the tenqieraturo be above thin tmmUimhpmnt the water and double salt do 
not mart on each other; that is, they do not solidify or give a mixture of sodium, 
and nmgmmium milplmteM, If a mixture (in equivalent quantities) of solutions of those 
Halts bo evnjM*i*tl«d, and erjetabi of mitmkhiuiifo and of the individual salts capable of 
pttmmding from it be added to tho concentrated aolution to avoid tho possibility of a 
•uptviiMttrafceil solution, then at tcmpemturmi above a‘i° aatrakhomte is exclusively 
formed (this I# the method of its production), but at lower temperatures tho individual 
Mite am tboM prodtioed. If equivalent unotonta of (Hanker** $alt and magnesium 
•nlphote he mixed together in a solid state, there is m change at temperatures below 
ft 3 , but at higher temperatures aatrakhanite and water axe formed. The volume 
occupied by N%B0 4 ,1()H 4 0 In grams *822/1'*40 • 220*5 cubic centimetres, and by 
,MgH( ) 4l 711 p » 2411/ VBH - 1 itM o.c. ; hence their mixture In equivalent quantities occupies a 
volume vf BiUi U o.o. Tho volume of tuiimkhimite »« 884/M2 k* 150*5 c.e., and the volume of 
1811 /) - *.‘:u i .i:., hruro Ilnur mum ► 8H0*5 «.e., aud therefore It Is easy to follow tho formation 
of tho uufiulthiuiite in a suitable apparatus (ti kind of thermometer containing oil and a 
poviteemd mixture of sodium and magnesium sulphates), and to sec by tho variation m 
wliiitm that below 2U u It remains uwriiangcd, and at higher temperatures prooeods tho 
mure quickly the higher the t«n|wraturc. At the transition temperature the eoluhility 
of nutsnkhuidte and of the mixture of tho eouqHment salts is one and tho same, whilst at 
higher temperatures a solution which is saturated for a mixture of the individual salts 
would ho «u(HWHitturated for ti&itrnkhanite, and at lower temperatures the solution of 
iM^mkh&tilte will bo rmpnnmturated for the component salts, as has boon .shown with 
especial detail by Karaten, Deacon, aud others, liooxeboom showed that there are two 
limits h> the composition of the solution* which can exist for a double salt? those limits 
are resq»-*rtivoly obtained by dissolving a mixture of tbo double salt with each of its 
component simple salts. Vau*t Hell demonstrated, besides this, that tho tendency 
Awards the formation of double salt* has a diutimst Influence on the progress of doublo 
decomposition, for at tenqwraturoi* above 81° the mixture 2Mg804,7Hs0 + 2NaCI 
pmm bite MgNiit(80 4 )*4lI s 0 + MgCb,,CH*0 + 4H«0, whilst below 81° there is not this 
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water and magnesium sulphate there may exist several definite and 
more or loss stable degrees of equilibrium ; the double salt 
lMgS0 4 K*S0 4f 611*0 may bo regarded as ono of these equilibrated 
systems, the more so since it contains 611*0, whilst MgS0 4 forms it* 
4 »ost stable system with 7H*Q, and the double salt may be considered 
m this orystallo-hydrate in which ono molecule of water is replaced 
by the molecule 

Th$ pomr of forming basic salts is a very remarkable peculiarity 
of magnesia and other feeble bases, and especially of those corre¬ 
sponding with polyvalent metals, The very powerful bases corre¬ 
sponding with univalent metals—like potassium and sodium—do not 
tqrm basic salts, and, indeed, are more prone to give acid salts, whilst 
magnesium easily and frequently forlns basic salts, especially with feeble 
acids, although there are some oxides—as, for example, copper and 
lead oxides—which still more frequently give basic salts. If a cold 
solution of magnesium sulphate bo mixed with a solution of sodium 
^carbonate there is formed a gelatinous precipitate of a basic salt, 

.tpl|t up st temperatures above 0°. Guthrie showed that dilute solutions of magnesium 
'sulphate, when refrigerated) separate ioe until the solution attains a composition 
Mg80 4 ,84Ha0, which will completely freeio into a orysfeallo-hydrato at - 5’8®. According 
to Coppefi and BUdorff, tho temperature of the formation of ioe falls by 0'07S° for every 
part by weight of the hoptahydratod salt per 100 of water, This figure gives (Chapter I., 
Note 40) f «• 1 for both the hoptahydratod and tho anhydrous salt, from which it is evident 
41mt It is impossible to judge the etate of combination in which a dissolved substance 
, occurs by the taraporaturo of tho formation of be, 

The solubility of the different erystallo-hydratos of magnesium sulphate, according to 
'Lotwtl, also tarta* like those of sodium sulphate or carbonate (sm Chapter XII., Notes 
17 and 18). At 0° 100 parts of water dissolves 40*78 Mg80 4 in tho presence of tho hero- 
hydrated salt, 84'87 Mg80 4 in tire presence of the hexagonal heptahydrated salt, and 
only 20 parts of Mg80 4 in tho proseno© of tho ordinary heptahydrated salt—that is, 
solutions giving the remaining cryatollo-hydrates will be supersaturated for the ordinary 
.heptahydrated salt. 

All this shows how mupy diverse aspects of more or loss stable equilibria may exist 
between water end a eubstunoo dissolved iu it \ this has already boon enlarged on in 
Chapter I. 

Carefully purified magnesium sulphate in its aquomta solution gives, according to 
©toherbakoff, nq alkaline reaction with litmus, and acid reaction with phouoh 
phtbalcin. 

Tho specific gravity of solutions of certain salts of magnesium and calcium, reduced 
■ to I0 r> /4° (see my work cited. Chapter I., Note 19), are, if water at 4° » 10,009, 

MgS0 4 : 9 *.0,002 + 00'89p + Q'508 jj’ 

Mg01 a i #.-• 0,008 + Bl*Mp + 0*87% ? 

CaCl a i 0,009+80*24p + 0*470p» 

*• Graham even distinguished the last equivalent of tho water of crystallisation of 
the heptahydrated salt m that which is replaced by other salts, pointing out that double 
•alts like MgEfCSOi^dHsO lose all their water at 180°, whilst MgS0 4 ,7X1*0 only parts 
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further heated (above 106°) to remove the water, then hydrochloric 
■acid passes off together with the latter, so that there ultimately remains 
magnesia with a small quantity of magnesium chloride. 33 From what 
has been said it is evident that anhydrous magnesium chloride cannot 
he obtained by simple evaporation. But if sal-ammoniac or sodium 
chloride be added to a solution of magnesium chloride, then the evolu¬ 
tion of hydrochloric acid does not take place, and after complete 
evaporation the residue is perfectly soluble in water. This renders it 
possible to obtain anhydrous magnesium chloride from its aqueous 
solution. Indeed the mixture with sal-ammoniac (in excess) may be 
dried (the residue consists of an anhydrous double salt, Mg01 2 ,2NH 4 Cl) 
and then ignited (460°), when the sal-ammoniao is converted into 
vapour and a fused mass o£ anhydrous magnesium chloride remains 
behind. The anhydrous chloride evolves a very considerable amount of 
heat on the addition of water, which shows the great affinity the salt 
.haS for water. 34 Anhydrous magnesium chloride is not only obtained 
by the above method, but is also formed by the direct combination of 
chlorine and magnesium, and by the action of chlorine on magnesium 
oxide, oxygen being evolved ; this proceeds still more easily by healing 
magnesia with charcoal in a stream of chlorine, when the charcoal serves 
to take up the oxygen. This'latter method is also employed for the pre¬ 
paration of chlorides which are formed in an anhydrous condition with 
still greater difficulty than magnesium chloride. Anhydrous magnesium 
chloride forms a colourless, transparent mass, composed of flexible 
crystalline plates of a pearly lustre. It fuses at a low red heat (708°) 
into a colourless liquid, remains unchanged in a dry state, but under 
the action of moisture is partially decomposed even at the ordinary 
temperature, with formation of hydrochloric acid. When heated in the 
presence of oxygen (air) it gives chlorine and the basic salt, which 

53 This decomposition is most simply defined as the result of the two reverse reactions, 
MgCl 3 + H 2 0 » MgO 4- 2HC1 and MgO -f 2HC1 = MgCl 2 + H 2 0, or as a distribution 
between 0 and Cl 2 on the one hand and H 2 and Mg on the other. (With O, MgOlo gives 
chlorine, see Chapter X., Note 33, and Chapter II., Note 8 b5s and others, where the 
reactions and applications of MgCl 2 are given.) It is then clear that, according to 
Berthollet’s doctrine, the mass of the hydrochloric acid converts the magnesium oxide 
into chloride, and the m’ass of the water converts the magnesium chloride into oxide. 
The crystallo-hydrate, MgCl 2 ,6H 2 0, forms the limit of the reversibility. But an inter¬ 
mediate state of equilibrium may exist in the form of basic salts. On mixing ignited 
magnesia with a solution of magnesium chloride of specific gravity about 1*2, a solid 
mass is obtained which is scarcely decomposed by water at the ordinary temperature 
{see Chapter XVI., Note 4). A similar means is employed for cementing sawdust Into 
a solid mass, called cylolite, used for flooring, &c. 

We may remark that MgBr 2 crystallises not only with 6H a O (temperature of fusion 
152°), but also with 10H 2 O (temperature of fusion + 12 b , formed at —18°. Panfilofi, 1894). 

54 According to Thomsen, the combination of MgCI 3 with 6ET 2 0 evolves 83,000 calories* 
end its solution iu an excess of water 80,000. 
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metal is volatile. Calcium decomposes water at the ordinary tem¬ 
perature, and is oxidised in moist air, but not so rapidly as sodium. 
In burning, it gives its oxide or lime, CaO, a substance which is 
familiar to every one, and of which we have already frequently had 
occasion to speak. This oxide is not met with in nature in a free 
state, because it is an energetic base which everywhere encounters acid 
substances forming salts with them. It is generally combined with 
silica, or occurs as calcium carbonate or sulphate. The carbonate 
and nitrate are decomposed, at a red heat, with the formation of lime. 
As a rule, the carbonate, which is so frequently met with in nature, 
serves as the source of the calcium oxide, both commercial and pure. 
When heated, calcium carbonate dissociates: CaC0 3 =:CaO+C0 2 . 
In practice the decomposition is conducted at a bright red heat, in the 
presence of steam, or a current of a foreign gas, in heaps or in special 
kilns. 88 

Calcium oxide—that is, quicklime—is a substance (sp. gr. <H5) 

33 Kiln a which act either intermittently or continuously ore built for this purpose. 
Those of the first kind are filled with alternate layers of fuel and limestone; the 
fuel is lighted, and the heat developed by its comhastion serves -for decomposing the 
limestone. When the process is completed the kiln is allowed ter cool somewhat, the lime 
raked ont, and the same process repeated. In the continuously acting fumacefc, con¬ 
structed like that shown in fig. 78, the kiln itself only contains limestone, and there are 
lateral hearths for burning the fuel, whose flame passes through the limestone and 
serves for its decomposition. Such furnaces are able to work continuously, because the 
fmburat limestone may be charged from above and the burnt lime raked out from below. 
It is not every limestone tha<t is suitable for the preparation of lime, because many 
contain impurities, principally clay, dolomite, and sand. Such limestones when burnt 
either fuse partially or give an impure lime, called poor lime in distinction from that 
obtained from purer limestone, which is called rich lime. The latter kind is charac¬ 
terised by its disintegrating into a fine powder when treated with water, and Sa 
suitable for the majority of uses to which lime is applied, and for whioh the poor lime 
is sometimes quite unfit. However, certain kinds of poor lime (as we shall see in 
Chapter XVIII., Note 25) are used in the preparation of hydraulic cements, whioh 
solidify into a hard mass under water, 

In order to obtain perfectly pure lime it is necessary to take the purest possible 
materials. In the laboratory, marble or shells are used for this purpose as a pure form 
of calcium carbonate. They are first burnt in a furnace, then put in a crucible and 
moistened with a small quantity of water, and finally strongly ignited, by which 
means a pure lime is obtained. Pure lime may be more rapidly prepared by taking 
calcium nitrate, CaN<jO 0 , which is easily obtained by dissolving limestone in nitric acid. 
The solution obtained is boiled with a small quantity of lime in order to precipitate the 
foreign- oxides which are .insoluble in water. The oxides of iron, aluminium, &e., ate 
precipitated by this means. The salt is then crystallised and ignited: CaNgO^ 
» CaO + 2 NO 2 +0. 

In the decomposition of calcium oarbonate the lime preserves the form of the lamps 
subjected to ignition; this is one of the signs distinguishing quicklime when it is freshly 
burnt and unaltered by air. It attracts moisture from the air and then disintegrates 
to a powder; if left long exposed in the air, it also attracts carbonic anhydride and 
increases in volume; it does not entirely pass into carbonate, but forms a compound of 
the latter with caustic lime. 
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Lime, like other alkalis, acts on many animal and vegetable sub¬ 
stances, and for this reason has many practical uses—for example, 
for removing fats, ai^d in agriculture for accelerating the decom¬ 
position of organic substances in the so-called composts or accumu¬ 
lations of vegetable and animal remains used for fertilising land. 
Oalcium hydroxide easily loses its water at a moderate heat (530°), 
but it does not part with water at 100°. When mixed with water, 
lime forms a pasty mass known as slaked lime and in a more 
dilute form as milk of lime , because when shaken up in water it 
remains suspended in it for a long time and presents the appearance 
of a milky liquid. But, besides this, lime is directly soluble in water, 
not to any considerable extent, but still in such a quantity that lime 
water is precipitated by carbonic anhydride, and has clearly dis¬ 
tinguishable alkaline properties. One part of lime requires at the 
ordinary temperature about 800 parts of water for solution. At 100° 
it requires about 1500 parts of water, and therefore lime-water 
becomes cloudy when boiled. If lime-water be evaporated in a 
vacuum, calcium hydroxide separates in six-sided crystals 41 If 
lime-water be mixed with hydrogen peroxide minute crystals of 
calcium peroxide , Ca0 2 ,8H 2 0, separate; this compound is very un¬ 
stable and, like barium peroxide, is decomposed by heat. Lime, as a 
powerful base, combines with all acids, and in this respect presents a 
transition from the true alkalis to magnesia. Many of the salts of 

from each other. If only lima paste were put between two bricks they would not bold 
firmly together, because after the water bad evaporated the lime would occupy a smaller 
space'than before, and thereforecracks and powder would form in its mass, so that it would 
not at all produce that complete cementation of the bricks which it is desired to attain. 
Pieces of stone—that is, sand—mixed with the lime hinder thi3 process of disintegration, 
because the lime binds together the individual grains of sand mixed with it, and forms 
one concrete mass, in consequence of a process which proceeds after the desiccation or 
removal of the water. The process of the solidification of lime, taken as slaked lime, 
consists first in the direct evaporation of the water and crystallisation of the hydrate, so 
that the lime binds the stones and sand mixed with it, just as glue binds two pieces of 
wood. But this preliminary binding action of lime is feeble (as is seen by direct experi¬ 
ment) unless there he further alteration of the lime leading to the formation of carbonates, 
silicates, and other salts of calcium which are distinguished by their great cohesiveness. 
With the progress of time the cement is partially subjected to the action of the carbonic 
anhydride in the air, owing to which calcium carbonate is formed, but not more than half 
the lime is thus converted into carbonate. Besides which, the lime partially acts'on the 
silica of the bricks, and it is owing to these new combinations simultaneously forming 
in the cement that it’gradually becomes stronger and stronger. Hence the binding action 
of the lime becomes stronger with the lapse of time. This is the reason (and not, as is 
sometimes said, because the ancients knew how to build stronger than we do)' why build, 
ings which have stood for centuries possess a very strongly binding cement. Hydraulic 
cements will be described later (Chapter XVIII., Note 25). 

41 Professor Glinka measured the transparent bright crystals of calcium hydroxide 
which are formed in common hydraulic (Portland) cement. 

*14 
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t*m(wratum J uxt ah ©v«ry volatile substance has a maximum possible 
vapour Unison for every temperature, ho also calcium carbonate has 
Its n*mmptm«hug r/iWwf<W tnmon ; this at 770° (the boiling point 
of cadmium) is about Hf» mm. (of the mercury column), and at 930° (the 
Wiling point of Zn) it itt about 5‘20 mm. As, it tho tension be greater, 
there will \m no evaporation, ho also there will bo no decomposition. 
IHibmy took cryitalH of csitlc «par, and could not observe the least change 
in them at the killing point off sine (930°) in an atmosphere of carbonic 
Anhydride taken ut the atmospheric pressure (760 mm,), whilst on the 
oilier hand c&lrium ©urkmnto may be completely decomposed at a 
much lower temperature if the tension of the carbonic anhydride be 
kept below the dkimuation tension, which may be done either by 
directly pumping away the gm with an air-pump, or by mixing it with 
loniii other gin that is, by diminishing the partial pressure of the 
mfbewilo anhydride, 4 * junt as an object may bo dried at the ordinary 
temperature by mnoving the aquwmK vapour or by carrying it off in 
i mltmm of Another gait. Thus it is possible to obtain calcium carbon- 
ut* from limn and carbonic anhydride at a certain temperature above 
that at which dissociation begins, and conversely to decompose calcium. 
e«t»ftftte at the same tomperatur© into lime and carbonic anhydride. 44 
At til© ordinary tetnfMsmiur© the reaction of the hint order (combi¬ 
nation) cannot proceed Ixmauho tbe second (decomposition, dissociation). 

** has etew n that by nuuntenmg purtiullydmmt lime with water and re- 

it. 11 i* ea»y to drive off 4h« last tr*u*«*M of carbonic anhydride from it, and that, 
Itt by blowing air or utimm through the lime, and even by using moist fuol, it .is 

ptHMtbk to wwwleratw tint at tlm calcium carbonate. The partial pressure 

In 4*ev**««d by them means. 

44 iMpfti Ifni listr*«lncitoi4 at Devin*'* theory of dissociation, the modus operand* of 
1A» that under tMuiiidcmikm wmi understood in the sens® that dooorapo- 
starts at a «rt» 4 si teMi|«»ratur«» and that »t in accelerated by a rise of temperature, 
bill It possible ihrttoondmmtioii could proceed at the same temperature 

M that at widt h dmMnjK*»iti«« «mi* mu Itertludhit and Devillo introduced the conception, 
rtf wjtilllbfltiw into otemhml Minium, and elucidated tlm question of reversible reactions. 
Naturally mblmt l* still far from king dear-the questions of the rate and completo- 
w | tptwumt trf iMifitaet, A*tn, still intrude themsidvmj—but on important stop has 
tniit» wait# t» niwittiml mm-hums and w« have started cm a new path which premises 
further toward* which umoh has been dam* not only by Devillo himself, but more 

liy tlm French elwmbte Dobmy, Truoat, laminin©, Hautefeuille, Lo Chatelier, 
as^ uthara. Among otter tilings thus# investigators have shown the clot© resemblance 
imiwantt ttw of ©vaj*orati<m and dissociation, and pointed out tliat the amount 

d heat abaorbed by a ilitiwwIaUng substance may be calculated according to the law of 
tl» tfwmttefi of diwoolatbmprisww, in exactly the mm manner m it is possible to 
^folate th« latent heat ut the eviration of water, knowing the variation of the tension 
uMt *fa& te«|wt*iit»# on the basis of the second law of the mechanical theory of heat. 
©§ this tubteet m««l be looked for in special works on physical chemistry. _ One 
frQftftf tffine t& ttoif of the inMhanioal ttwory of heat is applicable to dissociation 



PRINCIPLES OF CHEMISTRY 


ot take place, and thus all the most important phenomena with re- 
i to the behaviour of lime towards carbonic anhydride are explained 
carting from one common basis. 45 

lalcium carbonate , CaCO te> is sometimes met ^ith in nature in a 
&lline form, and it forms an example of the phenomenon termed 
rphism —that is, it appears in two crystalline forms. When it 
bits combinations of forms belonging to the hexagonal system (six- 
l prisms, rhombohedra, &c.) it is called calc spar . Calc spar has a 
ific gravity of 2*7, and is further characterised by a distinct cleav- 
blong the planes of the fundamental rhombohedron having an angle 
)5°. Perfectly transparent Iceland spar presents a clear example 
ouble refraction (for which reason it is frequently employed in 
ieal apparatus). The other form of calcium carbonate occurs in 
;als belonging to the rhombic system, and it .is then called aragon¬ 
ite specific gravity is 3*0. .If calcium carbonate be artificially 
uced by slow crystallisation at the ordinary temperature, it appears 
le rhombohedral form, but if the crystallisation be aided by heat it 
appears as aragonite. It may therefore be supposed that calc spar 
mts the form corresponding with a low temperature, and aragonite- 
. a higher temperature during crystallisation. 40 

But the question as to the formation of a basic calcium carbonate with a rise of 
srature still remains undecided. The presence of water complicates all the relations 
*en lime and carbonio anhydride, all the more as the existence of an attraction 
jen calcium carbonate and water is seen from its being able to give a crystallo - 
zte, CaC0 3 ,5H 2 0 (Pelouze), which crystallises in rhombic prisms of sp. gr. about 
md loses its water at 20°. These crystals are obtained when a solution of lime in 
■ and water is left long exposed to the air and slowly attracts carbonic anhydride 
it, and also by the evaporation of such a solution at a temperature of about 8°. 
le other hand, it is probable that an acid salty CaHo(C0 3 ) 2 , is formed in an aqueous 
ion, not only because water containing carbonic acid dissolves calcium carbonate, 
aore especially in view of the researches of Schloesing (1872), which showed that 
3 a litre of water in an atmosphere of carbonic anhydride (pressure 0*984 atmo- 
*e) dissolves 1*086 gram of calcium carbonate and 1*778 gram of carbonic anhydride, 
i corresponds with the formation of calcium hydrogen carbonate, and the solution 
rhonic anhydride in the remaining water. Caro showed that a litre of water is able 
isolve as much os 8 grams of calcium carbonate if the pressure he increased to 4 and 
atmospheres. The calcium carbonate is precipitated when the carbonic anhydride 
is off in the air or in a current of another gas; this also takes place in many natural 
gs. Tufa, stalactites, and other like formations from waters containing calcium 
mate and carbonic acid in solution are formed in this manner. The solubility of 
lm carbonate itself at the ordinary temperature does not exceed 18 milligrams per 
of water. 

Dimorphous bodies differ from true isomers and polymers in that they do not 
r in their chemical reactions, which are determined by a difference in the distrihu- 
(motion) of the atoms in the "molecules, and therefore dimorphism is usually' 
bed to a difference in the distribution of similar molecules, building up a crystal.- 
ough. such a hypothesis is quite admissible in the spirit of the atomic and molecular 
ry, yet, as in such a redistribution of the molecules a perfect conservation of the 
Lbution of the atoms in them cannot be imagined, and in eyery effort of chemical 
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Calcium sulphate in combination with two equivalents o£ water, 
CaS0 4) 2U 3 0, is very widely distributed in nature, and is known as 
gypsum. Gypsum loses one and a half and two equivalents of water at 
a moderate temperature, 47 and anhydrous or burnt gypsum is then 
obtained, which is also known as plaster of Paris, and in employed in 
largo quantities for modelling/ 8 This use depends on the fact that 
burnt and finely-divided and sifted gypsum forms a paste when mixed 
with water ; after a certain time this paste becomes slightly heated and 
solidifies, owing to the fact that the anhydrous calcium sulphate, 0aSO 4 , 
again combines with water. When the plaster of Paris and water are 
first made into a paste they form a mechanical mixture, but when thoi 
mass solidifies, then a compound of the calcium sulphate with two 
molecules of water is produced; and this may bo regarded as derived 
from B(OH) 0 by the substitution of two atoms of hydrogen by one atom 
of bivalent calcium. Natural .gypsum somotimon appears as perfectly 
colourless, or variegated, marble-like, masses, and sometimes in perfectly 
colourless crystal®, selenite, of specific gravity 2*33. The semi-trans¬ 
parent gypsum, or alabaster, is often carved into small statues. Besides' 

reaction there must take piece a certain motion among the atoms; so fn my opinion there' 
li no firm hauls for distinguishing dimorphism from the general conception of isomerism,' 
under which the cases of those organic bodies which are doxtro and l»vo rotatory (with; 
respect to polarised light) have recently been brought with such brilliant success. When' 
calcium curb*mate separates out from solutions, it has at first a gelatinous appearance,, 
which leads to the supposition that this salt appears in a colloidal state. It only crys¬ 
talline* with the progress of time. The colloidal state of calcium carbonate is par¬ 
ticularly clear from the following observations made by Prof. FaminUin, who showed 
that when It separates from solution* it is obtained under certain conditions in the form 
of grains having the peculiar poste-lik© structure proper to starch, which fact has not 
only an Independent interest, but presents an example of a mineral substance being 
obtamed in a form until then only known In the organic substances elaborated in plant*. 
This show* that the forms (colli, vessels, &c.) in which vegetable and animal substance© 
occur in organisms do not present in themselves anything peculiar to organisms, but arc 
only the result of those particular conditions in which these substances are formed. 
Traube and afterwards Mounter and Vogt (1882) obtained formations which, under the 
mtorniioope, were in every respect identical in appearance with vegetable cells, by means 
of a similar slow formation of precipitate* (by reacting on sulphates of different metals 
with sodium silicate or carbonate). 

<* According to be Chateiier (1888), UH«0 is lost at 190°—that is, H a 0,2CaB0 4 ia 
formed, but at 194® all the water is expelled. According to Shoustou© and Cundall 
( 1888 ) gypsum begins to lone water at 70° in dry air. The semi-hydrated compound 
Hf0»k)aB04 Is also formed when gypsum is heated with water in a closed vessel at 
180® (Hoppe-Seyler). 

For stuoco-work it it usual to add lime and sand, as the mass Is then harder and 
does not solidify so quickly. For imitating marble, glut is added to the plaster, and the 
mass is polished when thoroughly dry. lie burnt gypsum cannot be used over again, aa 
that which has once solidified is, like the natural anhydride, not able to recombine with 
water. It is evident that the structure of the molecules in the crystallised mass, or in 
general in any dense moss, exerts on influence on the chemical action, which is more 
particularly evident in metals in their different forms (powder, crystalline, rolled, &a) 
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’which an anhydrous calcium sulphate, CaS0 4 , called anhydrite (specific 
gravity 2*97), occurs in nature. It sometimes occurs along with gypsum. 
It is no longer capable of combining directly with water, and differs 
in this respect from the anhydrous salt obtained by gently ignit¬ 
ing gypsum. If gypsum be very strongly heated it shrinks and loses 
its power of combining with water. 48 One part of calcium sulphate 
requires at 0° 525 parts ofwater for solution, at 38° 466 parts, and at 100° 
571 parts of water. The maximum solubility of gypsum is at about 36°, 
which is nearly the same temperature as that at which sodium sulphate 
is most soluble. 49 

As lime is a more energetic base than magnesia, so calcium chloride » 
CaCl 2 , is not so easily decomposed by water, and its solutions only 
disengage a small quantity of hydrochloric acid when evaporated, and 
when the evaporation is conducted in a stream of hydrochloric acid it 
easily gives an anhydrous salt which fuses at 719°; otherwise an 
aqueous solution yields a crystallo-hydrate, CaCl 2 ,6H 2 0, which melts 
at 30° 50 

48 bis According to MacColeb, gypsum dehydrated at 200° has a specific gravity 
2*577, and heated to its point of fusion, 2*654. Potilitzin (1894) also admits the two 
above-named modifications of anhydrous gypsum, which, moreover, always contain the 
semi-hydrated hydrate (Note 47), and he explains by their relation to water the 
phenomena observed in the solidification of a mixture of burnt gypsum and water. 

49 AsMarignac showed, gypsum, especially when desicated at 120°, easily gives super¬ 
saturated solutions with respect to CaS0 4 ,2H 2 0, which contain as much as 1 part of 
OaS0 4 to 110 parts of water. Boiling dilute hydrochloric acid dissolves gypsum, 
forming calcium chloride. The behaviour of gypsum towards the alkaline carbonates 
has been described in Chapter X. Alcohol precipitates gypsum from its aqueous 
solutions, because, like the sulphates in general, it is sparingly soluble in alcohol. 
Gypsum, like all the sulphates, when heated with charcoal, gives up its oxygen, forming 
the sulphide, CaS. 

Calcium sulphate, like magnesium sulphate, is capable of forming double salts, but 
with difficulty, and they are chemically less stable. They contain, as is always the case 
with double salts, less water of crystallisation than the component salts. Rose, Struvd, 
and others obtained the salt CaK^SO^ojHgO 5 a»mixture of gypsum with an equivalent 
amount of potassium sulphate and water solidifies into a homogeneous mass. Fritzsche 
obtained the corresponding sodium salt in a hydrated and anhydrous state,, by heating a 
mixture of gypsum with a saturated solution of sodium sulphate. The anhydrous salt 
occurs in nature as glauberUe. Fritzsche also obtained gaylumte , Na 2 Ca(C 0 3 ) 2 , 5 H 2 0 , 
"by pouring a saturated solution of sodium carbonate on to freshly-precipitated calcium 
-carbonate. Calcium also forms basic salts, but only a few. "Veeren (1892) obtained 
Ca(N0 3 ) 2 Ca(0H) 2 ,2iH 2 0 by leaving powdered caustic lime in a saturated solution of 
CaCNOjJa until it solidified. This salt is decomposed by water. 

50 Calcium chloride has a specific gravity 2*20, or, when fused, 2*12, and the sp. gr. of 
the crystallised salt CaCl 2 ,6H 2 0 is 1*69. If the volume of the crystals at 0°=1, then at 
^9° it is 1*020,* and the volume of the fused mass at the same temperature is 1*118 (Kopp) 
(specific gravity of solutions, see Note 27). The solution-containing 60 p.c. CaCl 2 boils 
at 180°, 70 p.c. at 158°. Superheated steam decomposes calcium chloride with more diffi¬ 
culty than magnesium chloride and with greater ease than barium chloride (Kuhnheim). 
Sodium does not decompose fused calcium chloride even on prolonged heating (Lida- 
Bodart), hut an alloy of sodium with zinc, lead, and bismuth decomposes it, forming an 
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Just as for potassium, K =• 39 (and sodium, Na -= 23), there are 
the near analogues^ Rb = 85 and Cs = 133, and also another, Li = 7, so 

alloy of calcium with one of the above-named metals (Caron). The zinc alloy may be 
obtained with as much as 15 p.c. of calcium. Calcium chloride is soluble in alcohol and 
absorbs ammonia. 

A gram molecular weight of calcium chloride in dissolving in an excess of water 
evolves 18,723 calories, and in dissolving in alcohol 17,555 units of heat, according to 
Pickering. 

Roozeboom made detailed researches on the crystallo-hydrates of calcium chloride 
v (1889), and’found that CaCl2,6H 2 0 melts at S0 o- 2, and is formed at low temperatures from 
^Solutions containing not more than 103 parts of calcium chloride per 100 parts of water; 
if the amount of- salt (always to 100 parts of water) reaches 120 parts, then tabular 
crystals of CaCl 2 ,4H 3 0/3 are formed, which at temperatures above 88*4° are converted 
into the crystallo-hydrates CaCl 2 ,2H 2 0, whilst at temperatures below 18° the variety 
passes into the more stable CaCl 2 ,4H30a, which process is aided by mechanical friction. 
Hence, as is the case with magnesium sulphate (Note 27), one and the same cryst&llo* 
hydrate appears in two forms—the /?, which is easily produced but is unstable, and 
$he a, which is stable. The solubility of the above-mentioned hydrates of chloride 
Of calcium, or amount of calcium chloride per 100 parts of water, is as follows 
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The amount of calcium chloride to 100 ports of water in the crystallo-hydrate is 
given in brackets. The point of intersection of the curves of solubility lies at about 
#0° for the first two salts and about 45° for the salts with 4H a O and 2HoO. The crystals 
CaCl 2 ,2H 3 0 may, however, be obtained (Ditte) at the ordinary temperature from solu¬ 
tions containing hydrochloric acid. The vapour tension of this crystallo-hydrate equals 
the atmospheric at 165°, and therefore the crystals may be dried in an atmosphere of 
steam and obtained without a mother liquor, whose vapour tension is greater. This 
crystallo-hydrate decomposes at about 175° into CaCl 3 ,H a O and a solution; this is easily 
brought about in a closed vessel when the pressure is greater than the atmosphere. 
This crystallo-hydrate is destroyed at temperatures above £60°, anhydrous calcium 
chloride being formed. 

Neglecting the unstable modification CaCl 2 ,4H 2 0£, we will give the temperatures fat 
which the passage of one hydrate into another takes place and at which the solution 
CaCl 2 +ttH 3 0, the two solids A and B and aqueous vapour, whose tension is given as p 
in millimetres, are able to exist together in stable equilibrium, according to Roozeboom's 


determinations: 
t 
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21 
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Solutions of calcium chloride may serve aB a convenient example for the study of the 
supersaturated state, which in this case easily occurs, because different hydrates are 
formed. Thus at 25° solutions containing more than 83 parts of anhydrous calcium 
chloride per 100 of water will he supersaturated for the hydrate CaCl2,6H 2 0. 

On the other hand, Hammerl showed that solutions of calcium chloride, when froae«> 
deposit ice if they contain less than 43 parts of Balt per 100 of water, and if more the 
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imrium chloride, BaCl 2 , is obtained in solution, and the sulphur is dis¬ 
engaged as gaseous sulphuretted hydrogen, BaS.-f 2HCl=BaCl 2 4-H 2 S. 
In this manner barium sulphate is converted into barium chloride,* 3 
and the latter by double decomposition with strong nitric acid or 
nitre gives the less soluble barium nitrate, Ba(N 0 3 ) 2 , 54 or with sodium 

dride, so that barium carbonate is formed. An equivalent mixture of sodium sulphate 
with barium or strontium sulphates when ignited with charcoal gives a mixture of 
sodium sulphide and barium or strontium sulphide, and if this mixture be dissolved in 
water and the solution evaporated, barium or strontium hydroxide crystallises out 
on cooling, and sodium hydrosulphide, NaHS, is obtained in solution. The hydroxides. 
BaH 2 Q 2 and SrH 2 Q 2 are prepared on a large scale, being applied to many reactions; for/ 
example, strontium hydroxide is prepared for sugar works for extracting crystallisabla 
sugar from molasses. 

We may remark that Boussingault, by igniting barium sulphate in hydrochloric acid 
gas, obtained a complete decomposition, with the formation of barium chloride. Attention 
should also be turned to the fact that Grouven, by heating a mixture of charcoal and 
strontium sulphate with magnesium and potassium sulphates, showed the easy decom- 
posability depending on the formation of double salts, such as SrS,K 2 S, which are easily 
soluble in water, and give a precipitate af strontium carbonate with-.carbonic anhydride. 
In such examples as these we see that the force which binds double salts may play apart 
in directing the course of reactions, and the number of double salts of silica on the earth’s 
Surface shows that nature takes advantage of these forces in her chemical processes. It 
is worthy of remark that Buchner (1893), by mixing a 40 per cent, solution of barium 
acetate with a 60 per cent, solution of sulphate of alumina, obtained a thick glutinous 
mass, which only gave a precipitate of BaS0 4 after being diluted with water. 

45 Barium sulphate is sometimes converted into barium chloride in the following 
manner: finely-ground barium sulphate is heated with coal and manganese'chloride 
(the residue from the manufacture of chlorine). The mass becomes semi-liquid, 
and when it evolves carbonic oxide the heating is stopped. The following double decom¬ 
positions proceed during this operation : first the carbon takes up the oxygen from the 
barium sulphate, and gives sulphide, BaS, which enters into double decomposition with 
the chloride of manganese, MnCl 2 , forming manganese sulphide, MnS, which is insoluble 
In water, and soluble barium chloride. This solution is easily obtained pure because 
many foreign impurities, such as iron, remain in the insoluble portion with the man¬ 
ganese. The solution of barium chloride is chiefly used for the preparation of barium 
sulphate, which is precipitated by sulphuric acid, by which means barium sulphate is 
re-formed as a powder. This salt is characterised by the fact that it is enacted on by 
the majority of chemical reagents, is insoluble in water, and is not dissolved by acids. 
Owing to this, artificial barium sulphate forms a permanent white paint which is used 
instead of (and mixed with) white lead, and has been termed‘blanc fix€’ or ‘permanent 
white. 

The solution of one part of calcium chloride at 20° requires 1*36 part of water, the 
solution of one part of strontium chloride requires T88 part of water at the same tem¬ 
perature, and the solution of barium chloride 2*88 parts of water. The solubility of the 
bromides and^odides varies in the same proportion. The chlorides of barium and stron¬ 
tium crystallise out from solution with great ease in combination with water; they form 
BaCl2,2H 2 0 and SrCl 2 ,6H 2 0. The latter (which separates out at 40°) resembles the 
salts of Ca and Mg in composition, and iftard (1892) obtained SrCl 2 ,2H 5 >0 from solutions 
at 90-130 5 . We may also observe that the crystallo-hydrates BaBr 2r H 2 0 and BaIj,7H 2 0 
are known. 

64 The nitrates Sr(N0 3 ) 2 (in the cold its solutions give a crystallo-hydrate containing 
4HgO) and Ba(N0 3 ) 2 are so very sparingly soluble in water that they separate in consider¬ 
able quantities when a solution of sodium nitrate is added to * strong solution of either 
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calcium (the carbonate, phosphate, borate, and oxalate) are insoluble 
in water $ besides which the sulphate is only sparingly soluble. As 
a more energetic base than magnesia, lime forms salts, CaX 2 , which 
are distinguished by their stability in comparison with the salts 
MgX a ; neither does lime so easily form basic and double salts as 
magnesia. 

Anhydrous lime does not absorb dry carbonic anhydride at the 
ordinary temperature. This was already known by Scheele, and Prof. 
Schuliachenko showed that there is no absorption even at 360° It 
only proceeds at a red heat, 42 and then only leads to the formation 
of a mixture of calcium oxide and carbonate (Rose). But if the 
lime be slaked or dissolved, the absorption of carbonic anhydride 
proceeds rapidly and completely. These phenomena are connected 
with the dissociation of calcium carbonate , studied by Debray (1867) 
under the influence of the conceptions of dissociation introduced 
into science by Henri Saint-Claire Deville. Just as there is no 
vapour tension for non-volatile substances, so there is no dissociation 
tension of carbonic anhydride for calcium carbonate at the ordinary 

49 The act of heating brings the substance into that state of internal motion which is 
required for reaction. It should he considered that by the act of heating not only is the 
bond between the parts, or cohesion of the molecules, altered (generally diminished), 
not only is the motion or store of energy of the whole molecule increased, but also that in 
all probability the motion of the atomB themselves in molecules undergoes a change. The 
same kind of change is accomplished by the act of solution, or of combination in general, 
judging from the fact that a dissolved or combined substance—for instance, lime with 
water—reacts on carbonic anhydride as it does under the action of heat. For the 
comprehension of chemical phenomena it is exceedingly useful to recognise clearly this 
parallelism. Rose’s observation on the formation (by the slow diffusion of solutions of 
calcium chloride and sodium carbonate) of aragonite from dilute, and of calc spar from 
strong, solutions is easily understood from this point of view. As aragonite is always 
formed from hot solutions, it appears that dilution with water acts like heat. The following 
experiment of Kiihlmann is particularly instructive in this sense. Anhydrous (perfectly 
dry) barium oxide does not react with monohydrated sulphuric acid, H 2 S0 4 (containing 
neither free water nor anhydride, SO 3 ). But if either an incandescent object or a moist 
substance is brought into contact with the mixture a violent reaction immediately begins 
(it is essentially the same as combustion), and the whole mass reacts. 

The influence of solution on the prooess of reaction is instructively illustrated by the 
following experiment. Lime, or barium oxide, is placed in a flask or retort having an 
upper orifice and connected with a tube immersed in mercury. A funnel furnished with 
a stopcock and filled with water is fixed into the upper orifice of the retort, which is then 
filled with dry carbonio anhydride. There is no absorption. When a constant tem¬ 
perature is arrived at, the unslaked oxide is made to absorb all the carbonic anhydride 
by carefully admitting water. A vacuum is formed, as is seen by the mercury rising 
•in the neck of the retort. With water the absorption'goes on to the end, whilst under 
the action of heat there remains the dissociating tension of ’the carbonio anhydride. 
Furthermore, we here see that, with a certain resemblance, there is also a distinction, 
depending on the fact that at low temperatures calcium carbonate does not dissociate; 
this determines the complete absorption of the carbonio anhydride in the aqueous 
solution. 
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iure. Just as every volatile substance has a maximum possible 
tension for every temperature, so also calcium carbonate has 
isponding dissociation tension 5 this at 770° (the boiling point 
.urn) is about 85 mm. (of the. mercury column), and at 930° (the 
>oint of Zn) it is about 520 mm. As, it the tension be greater* 
11 be no evaporation, so also there will be no decomposition, 
took crystals of calc spar, and could not observe the least change 
at the boiling point of zinc (930°) in an atmosphere of carbonic 
le taken at the atmospheric pressure (760 mm.), whilst on the 
and calcium carbonate may be completely decomposed at a 
wer temperature if the tension of the carbonic anhydride be 
low the dissociation tension, which may be done either by 
pumping away the gas with an air-pump, or by mixing it with 
her gas—that is, by diminishing the partial pressure of the 
3 anhydride , 43 just as an object may bo dried at the ordinary 
bturo by removing the aqueous vapour or by carrying it off in 
a of another gas. Thus it is possible to obtain calcium carbon- 
01 lime and carbonic anhydride at a certain temperature above 
which dissociation begins, and conversely to decompose calcium 
te at the same temperature into lime and carbonic anhydride . 44 
ordinary temperature the reaction of the first order (combi- 
cannot proceed because the second (decomposition, dissociation). 


poricnco has shown that by moistening partially-burnt limo with water and ro¬ 
ll, it is easy to drive off the last traces of carbonic anhydride from it, and that, 
J, by blowing air or steam through the lime, and even by using moist fuel, it .is 
bo accelerate the decomposition of the calcium carbonate. The partial pressure 
icd by these means. 

fore the introduction of Doville’s theory of dissociation, the modus operandi of 
sitions like that under consideration was understood in the sense that deoompo- 
urts at a certain temperature, and that it is accelerated by a rise of temperature, 
a not considered possible that combination could proceed at the same temperature 
.t which decomposition goes on. Berthollet and Deville introduced the conception, 
brlum into chemical science, and elucidated the question of reversible reactions, 
y the subject is still far from being clear—the questions of the rate and complete- 
reaction, of oontoct, &c^ still intrude themselves—but an important step ha* 
xde in chemical mechanics, and we have started on a new path which promises 
mogrest, towards which much has been done not only by Deville himself, but more 
ly by the French chemists Debray, Troost, Lemoino, HautefeuiUe, Le Chatelier, 
Nr*. Among other things those investigators have shown the close resemblance 
the phenomena of evaporation and dissociation, and pointed out that the amount 
absorbed by a dissociating substance may be calculated according to the law of 
ation of dissociation-pressure, in exactly the same ma n n er as it is possible to 
e the latent heat of the evaporation of water, knowing the variation of the tension 
e temperature, on the basis of the second law of the mechanics! theory of heat* 
of this subject must be looked for in special works on physical chemistry. One 
1 same conception of the mechanical theory of heat 4s applicable to dissociation 
pom t ton. 
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cannot take place, and thus all the most important phenomena with re¬ 
spect to the behaviour of lime towards carbonic anhydride are explained 
by starting from one common basis. 45 

Calcium carbonate, CaCCL,. is sometimes met \Vith in nature in a 
crystalline form, and it forms an example of the phenomenon termed 
dimorphism —that is, it appears in two crystalline forms. When it 
exhibits combinations of forms belonging to the hexagonal system (six- 
sided prisms, rhombohedra, &e.) it is called calc spar . Calc spar has a 
specific gravity of 2*7, and is further characterised by a distinct cleav¬ 
age along the planes of the fundamental rhombohedron having an angle 
of 105°. Perfectly transparent Iceland spar presents a clear example 
of double refraction (for which reason it is frequently employed in 
physical apparatus). The other form of calcium carbonate occurs in 
crystals belonging to the rhombic system, and it is then called aragon¬ 
ite ; its specific gravity is 3*0. calcium carbonate be artificially 
produced by slow crystallisation at the ordinary temperature, it appears 
in the rhombohedral form, but if the crystallisation be aided by heat it 
then appears as aragonite. It may therefore be supposed that calc spar 
presents the form corresponding with a low temperature, and aragonite, 
with a higher temperature during crystallisation. 40 

45 But the question as to the formation of a basic calcium carbonate with a rise of 
temperature still remains undecided. The presence of water complicates all the relations 
between lime and carbonic anhydride, all the more as the existence of an attraction 
between calcium carbonate and water is seen from its being able to give a crystallo - 
hydrate , CaC0 3 ,6H 2 0 (Pelouze), which crystallises in rhombic prisms of sp. gr. about 
1*77 and loses its water at 20°. These crystals are obtained when a solution of lime in 
sugar and water is left long exposed to the air and slowly attracts carbonic anhydride 
from it, and also by the evaporation of such a solution at a temperature of about 8°. 
On the other hand, it is probable that an avid salt , CaH 2 (C0 3 )2, is formed in an aqueous 
''solution, not only because water containing carbonic acid dissolves calcium carbonate, 
but more especially in view of the researches of Schloesing (1872), which showed that 
at 16° a litre of water in an atmosphere of carbonic anhydride (pressure 0*984 atmo¬ 
sphere) dissolves 1*086 gram of calcium carbonate and 1*778 gram of carbonic anhydride, 
which corresponds with the formation of calcium hydrogen carbonate, and the solution 
Of carbonic anhydride in the remaining water. Caro showed that a litre of water is able 
to dissolve as much as 8 grams of calcium carbonate if the pressure he increased to 4 and 
more atmospheres. The calcium carbonate is precipitated when the carbonic anhydride 
passes oft in the air or in a current of another gas; this also takes place in many natural 
Springs. Tufa, stalactites, and other like formations from waters containing calcium 
carbonate and carbonic acid in solution are formed in this manner. The solubility of 
calcium carbonate itself at the ordinary temperature does not exceed 18 milligrams per 
litre of water. 

4® Dimorphous bodies differ from true isomers and polymers in that they do not 
differ in their chemical reactions, which are determined by a difference in the distribu¬ 
tion (motion) of the atoms in the "molecules, and therefore dimorphism is usually* 
ascribed to a difference in the distribution of similar molecules, building up a crystal.- 
Although such a hypothesis is quite admissible in the spirit of the atomic and molecular 
theory, yet, as in such a redistribution of the molecules a perfect conservation of the 
distribution of the atoms in them cannot bo imagined, and in every effort of chemical 
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Calcium sulphate in combination with two equivalents of water, 
CaS0 4 ,2H 2 0, is very widely distributed in nature, and is known as 
gypsum . Gypsum loses one and a half and two equivalents of water at 
a moderate temperature, 47 and anhydrous or burnt gypsum is then 
obtained, which is also known as plaster of Paris, and is employed in 
large quantities for modelling. 48 This use depends on the fact that 
burnt and finely*divided and sifted gypsum forms a paste when mixed 
with water ; after a certain time this paste becomes slightly heated and 
solidifies, owing to the fact that the anhydrous calcium sulphate, CaS0 4 , 
again combines with water. When the plaster of Paris and water are 
first made into a paste they form a mechanical mixture, but when thej 
mass solidifies, then a compound of the calcium sulphate with two 
molecules of water is produced; and this may be regarded as derived 
from S(OH) 6 by the substitution of two atoms of hydrogen by one atom' 
of bivalent calcium. Natural .gypsum sometimes appears as perfectly 
colourless, or variegated, marble-like, masses, .and sometimes in perfectly 
colourless crystals, selenite , of specific gravity 2*33. The semi-trans¬ 
parent gypsum, or alabaster , is often carved into small statues. Besides 

reaction there must take place a certain motion among the atoms; so in my opinion there 1 
is no firm basis for distinguishing dimorphism from the general conception of isomerism,' 
under which the cases of those organic bodies which are dextro and lsevo rotatory (with) 
respect to polarised light) have recently been brought with such brilliant success. "When) 
calcium carbonate separates out from solutions, it has at first a gelatinous appearance,; 
which leads to the supposition that this salt appears in a colloidal state. It only crys¬ 
tallises with the progress of time. The colloidal state of calcium carbonate is par-, 
ticularly clear from the following observations made by Prof. Famintzin, who showed, 
that when it separates from solutions it is obtained under certain conditions in the form- 
of grains having the peculiar paste-like structure proper to starch, which fact has not 
only an independent interest, but presents an example of a mineral substance being 
obtained in a form until then only known in the organic substances elaborated in plants. 
This shows that the forms (cells, vessels, &c.) in which vegetable and animal substances 
occur in organisms do not present in themselves anything peculiar to organisms, hut are* 
only the result of those particular conditions in which these substances are' formed. 
Traube and afterwards Monnier and Vogt (1882) obtained formations which, under the 
microscope, were in every respect identical in appearance with vegetable cells, by means 
of a similar slow formation of precipitates (by reacting on sulphates of different metals 
with sodium silicate or carbonate). 

47 According to Le Chatelier (1888), 1 JH a O is lost at 120°—that is, H 2 0,2CaS0 4 is 
formed, but at 194° all the water is expelled. According to Shenstone and Cundall 
(1888) gypsum begins to iose water at 70° in dry air. The semi-hydrated compound 
ILi 0 , 2 CaS 04 is also formed when gypsum is heated with water in a closed vessel at 
150° (Hoppe-Seyler). 

48 For stucco-work it is -usual to add lime and sand, as the mass is then harder and 
does not solidify so quickly. For imitating marble, glue is added to the plaster, and the 
mass is polished when thoroughly dry. Re burnt gypsum cannot be used over again, as 
that which has once solidified is, like the natural anhydride, not able to recombine with 
water. It is evident that the structure of the molecules in the crystallised mass, or in 
general in any dense mass, exerts an influence on the chemical action, which is more 
particularly evident in metals in their different forms (powder, crystalline, rolled, <kc.) 
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which an anhydrous calcium sulphate, CaS0 4 , called anhydrite (specific 
gravity 2-97), occurs in nature. It sometimes occurs along with gypsum. 
It is no longer capable of combining directly with water, and differs 
in this respect from the anhydrous salt obtained by gently ignit¬ 
ing gypsum. If gypsum be very strongly heated it shrinks and loses 
its power of combining with water. 48Ws One part of calcium sulphate 
requires at 0° 525 parts of water for solution, at 38° 466 parts, and at 100° 
571 parts of water. The maximum solubility of gypsum is at about 36°, 
which is nearly the same temperature as that at which sodium sulphate 
is most soluble. 49 

As lime is a more energetic base than magnesia, so calcium chloride , 
OaCl 2 , is not so easily decomposed by water, and its solutions only 
disengage a small quantity of hydrochloric acid when evaporated, and 
when the evaporation is conducted in a stream of hydrochloric acid it 
easily gives an anhydrous salt which fuses at 719° ; otherwise an 
aqueous solution yields a crystallo-hydrate, CaCl 2 ,6H 2 0, which melts 
at 30° 50 

45 bis According to MacColeb, gypsum dehydrated at 200° has a specific gravity 
2 # 577, and heated to its point of fusion, 2*654. Potilitzin (1894) also admits the two 
above-named modifications of anhydrous gypsum, which, moreover, always contain the 
semi-hydrated hydrate (Note 47), and he explains by 'their relation to water the 
phenomena observed in the solidification of a mixture of burnt gypsum and water. 

49 As Marignac showed, gypsum, especially when desicated at 120°, easily gives super¬ 
saturated solutions with respect to CaS0 4 ,2H 2 0, which contain as much as 1 port of 
OaS0 4 to 110 parts of water. Boiling dilute hydrochloric acid dissolves gypsum, 
forming calcium chloride. The behaviour of gypsum towards the alkaline carbonates 
has been described in Chapter X. Alcohol precipitates gypsum from its aqueous 
solutions, because, like the sulphates in general, it is sparingly soluble in alcohol. 
Gypsum, like all the sulphates, when heated with charcoal, gives up its oxygen, forming 
the sulphide, CaS. 

Calcium sulphate, like magnesium sulphate, is capable of forming double salts, but 
with difficulty, and they are chemically less stable. They contain, as is always the case 
with double salts, less water of crystallisation than the component salts. Rose, Struv<£, 
and others obtained the salt CaK^SO^jHaO \ a mixture of gypsum with an equivalent 
amount of potassium sulphate and water solidifies into a homogeneous mass. Fritzsche 
obtained the corresponding sodium salt in a hydrated and anhydrous state,, by heating a 
mixture of gypsum with a saturated solution of sodium sulphate. The anhydrous salt 
occurs in nature as glauberite . Fritzsche also obtained gaylussite, Na2Ca(C0 3 ) 3 ,5Ho0, 
by pouring a saturated solution of sodium carbonate on to fresbly-precipitated calcium 
-carbonate. Calcium also forms basic salts, but only a few. Veeren (1892) obtained 
Ca(N 0 5 ) 2 Ca( 0 H)a, 24 H 20 by leaving powdered caustic lime in a saturated solution of 
Ca(N0 5 )2 until it solidified. This salt is decomposed by water. 

50 Calcium chloride has a specific gravity 2*20, or, when fused, 2:12, and the sp. gr. of 
the crystallised salt CaCl 2 ,6H 2 0 is 1*69. If the volume of the crystals at 0°=1, then at 
$9° it is 1*020,- and the volume of the fused mass at the same temperature is 1*118 (Kopp) 
(specific gravity of solutions, see Note 27). The solution-containing 50 p.c. CaCl 2 boils 
at 180°, 70 p.c. at 158°. Superheated steam decomposes calcium chloride with more diffi¬ 
culty than magnesium chloride and with greater ease than barium chloride (Kuhnheim). 
Sodium does not decompose fused calcium chloride even on prolonged heating (Li&s- 
Bodart), but an alloy of sodium with zinc, lead, and bismuth decomposes it, forming an 
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Just as for potassium, K = 39 (and sodium, Na 23), there are 
the near analogues ? Eb = 85 and Cs = 133, and also another, Li = 7, so 

alloy of calcium with one of the above-named metals (Caron). The zinc alloy may be 
obtained with fits much as 15 p.c. of calcium Calcium chloride is solublo in alcohol and 
absorbs ammonia. 

A gram molecular weight of calcium chloride in dissolving in an excess of water 
evolves 18,728 calories, and in dissolving in alcohol 17,555 units of heat, according to 
Pickering. 

Roozeboom mado detailed researches on fcho crystallo-hydrates of calcium chloride 
J1889), and' found that CaCl 2 ,(3H 2 0 molts at 80 o, 2, and is formod at low temperatures from 
jfeolutions containing not more than 108 parts of calcium chloride per 100 parts of water; 
if the amount of- salt (always to 100 parts of water) roaches 120 parts, then tabular 
crystals of CaCl 2 ,4H 2 0jS are formod, which afc temperatures above 88*4® aro converted 
into the crystallo*hydrates CaCl a ,2H 2 0, whilst at temperatures bolow 18° the 0 variety 
passes into the more stable CaCl a ,dH a Oa, which process is aided by mochanical friction. 
Hence, as is the case with magnesium sulphate (Note 27), one and the samo crystallo* 
hydrate appears in two forms—tho 0, which is easily produced but is unstable, and 
the a, which is stable. Tho solubility of the above-mentioned hydrates of chloride 
of calcium, or amount of calcium chloride per 100 parts of wator, is as follows* 



0 ° 

20 ° 

80° 

40° 

60° 

CaCl a ,CH a O 

60 

75 

100 


(102-8) 

CaCl 2 ,4H a Oo 

— 

90 

101 

117 j 

(154*2) 

CaCl 2 ,4H 3 0/3 

— 

104 

114 

CaCla,2H a O 

— 

— 

(808*8) 

128 

187 


The amount of calcium chloride to 100 parts of water in the orystallo-hydrate ia 
given in brackets. Tho point of intersection of tho ourvea of solubility lies at about 
$0° for the first two salts and about 45° for the salts with 4H 2 0 and 2H a O. Tho crystals 
CaCl 2 ,2H 2 0 may, however, be obtained (Ditto) at the ordinary temporaturo from solu¬ 
tions containing hydrochloric acid. The vapour tonsion of this crystallo-hydralo equals 
the atmospheric at 165°, and therefore tho crystals may ho dried in an atmosphoro of 
©team and obtained without a mothor liquor, whose vapour tension is greater. This 
cryatallo-hydrato decomposes at about 175° into CaCl 2 ,H 2 0 and a solution j this is easily 
brought about in a closed vessel when the prossure is greater than the atmosphere. 
This crystallo-hydrato is destroyed at temperatures above 260°, anhydrous calcium 
chloride being formod. 

Neglecting tho unstable modification CaCl 2 ,4H 2 0/5, wo will give the temperatures t at 
which tho passage of one hydrate into another tokos place and at which tho solution 
CaCl 2 +nH a O, tho two solids A and B and aqueous vapour, whose tonsion is given as jp 
in millimetres, are able to exist together in stable equilibrium, according to RoozeboonVa 
determinations: 


t 

n 

A 

B 

i> 

-55° 

14*5 

ice 

CaCl 2 ,0H 2 O 

0 

+ 29*8® 

6*1 

CaCl 2 ,6H 2 0 

CaCl 2 ,4H 2 0 

6*8 

45*8® 

4*7 

CaCl 2 ,4H 2 0 

CaCl 2 ,2H a O 

11*8 

175*5® 

2*1 

CaCl 3 ,2H a O 

CaCl 2> H a O 

642 

200 ® 

1*9 

CaCl 2 ,H a O 

CaCl a 

Several atmospheres 


Solutions of calcium chloride may serve as a convenient example for the study of the 
^supersaturated state, which in this case easily occurs, because different hydrates ore 
formed. Thus at 25° solutions containing more than 88 parts of anhydrous oalcltuu 
chloride per 100 of water will be supersaturated for the hydrate CaCl 2 ,6H 2 0, 

On the other hand, Hammerl showed that solutions of calcium chloride, when frozen* 
deposit ice if they contain less than 48-parts of salt per 100 of water, and it more tho 
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in exactly the same manner for calcium, Ca = 40 (and magnesium, 
Mg = 24), there is another analogue of lighter atomic weight, 
beryllium, Be = 9, besides the near analogues strontium, Sr = 87, and 
barium, Ba = 137. As rubidium and caesium are more rarely met 
with in nature than potassium, so also strontium and barium are rarer 
than calcium (in the same way that bromine and iodine are rarer than 
chlorine). Since they exhibit many points of resemblance with calcium, 
strontium and barium may be characterised after a very short acquain¬ 
tance with their chief compounds; this shows the important advantages 
gained by distributing the elements according to their natural groups, 
to which matter we shall^turn our attention in the next chapter. 

Among the compounds of barium met with in nature the commonest 
is the sulphate , BaS0 4 , which forms anhydrous crystals of the rhombic 
system, which are identical in their crystalline form with anhydrite, 
and generally occur as transparent and semi-transparent masses of 
tabular crystals having a high specific gravity, namely 4*45, for which 
reason this salt bears the name of heavy spar or barytes . Analogous to 
it is celestine , SrS0 4 , which is, however, more rarely met with. Heavy 
spar frequently forms the gangue separated on dressing metallic ores 
from the vein stuff; this mineral is the.source of all other barium 
compounds; for the carbonate, although more easily transformed 
into the other compounds (because acids act directly on it, evolving 
carbonic anhydride), is a comparatively rare mineral (BaC0 3 forms 
the mineral witherite ; SrC0 3 , strontianite ; both are rare, the 
latter is found at Etna). The treatment of barium sulphate is 
rendered difficult from the fact, that it is insoluble both in water and 
acids, and has therefore to be treated by a method of reduction. 51 
Like sodium sulphate and calcium sulphate, heavy spar when heated 
with charcoal parts with its oxygen and forms barium sulphide, BaS. 
For this purpose a pasty mixture of powdered heavy spar, charcoal, 
and tar is subjected to the action of a strong heat, when BaS0 4 
*f4C=BaS+4CO. The residue is then treated with water, in which 
the barium sulphide is soluble. 52 “When boiled with hydrochloric acid, 

crystallo-hydrate CaCl 2 , 6 H 2 0 separates, and that a solution of the above composition 
<CaCl 2 ,l 4 H 2 0 requires 44*0 parts calcium chloride per 100 of water) solidifies as a cryo- 
hydrate at about —55°. 

51 The action of barium sulphate on sodium and potassium carbonates is given on 
p. 487. 

52 Barium sulphide is decomposed by water, BaS+£H 2 0=H 2 S+Ba(OH ) 2 (the reac¬ 
tion is reversible), but both substances are soluble in water, and their separation is comb 
plicated by the fact that barium sulphide absorbs oxygen and gives insoluble barium 
sulphate. The hydrogen sulphide is sometimes removed from the solution by boiling 
with the oxides of copper or zinc. If sugar be added to a solution of* barium sulphide* 
barium saccharate is precipitated on heating; it is decomposed by carbonic anhy- 
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barium chloride, Badly, is obtained in solution, and the sulphur is die- 
engaged as gaseous sulphuretted hydrogen, BaS 4- 2HCl=BaCl a + H a S. 
In this manner barium sulphate is converted into barium chloride, 03 
and the latter by double decomposition with strong nitrio acid or 
nitre gives the less soluble barium nitrate, Ba(NO J ) 2 ,°’ 1 or with sodium 

drido, so that barium carbonate la formed. An equivalent mixturo of sodium sulphate 
with barium or strontium sulphates whom ignited with charcoal gives a mixturo of 
sodium sulphide and barium or strontium sulphide, and if this mixturo bo dissolved in 
water and tho solution evaporated, barium or strontium hydroxide crystallises out 
on cooling, and sodium hydroeulpliido, NaliS, is obtained in solution. The hydroxides. 
BaH a 0 2 and SrH a O a aro prepared on a largo ncalo, being applied to many reactions; for/ 
example, strontium hydroxide is prepared for sugar works for extracting crystallisabla 
sugar from molasses. 

we may remark that Bousringaulfc, by igniting barium sulphate in hydrochloric acid 
gas, obtained a complete decomposition, with tho formation of barium chloride. Attention 
should also bo turned to the fact that Orouven, by heating a mixture of charcoal and 
strontium sulphate with magnesium and potassium sulphates, showed tho easy dccom- 
posability depending on tho formation of double salts, such as 8rS,K a S, which arc easily 
soluble in water, and give a precipitate af strontium carbonate with carbonic anhydride. 
In such examples as these we see that the force which binds double salts may play apart 
in directing the course of reactions, and the number of double salts of silica on the earth's 
surface shows that nature takes advantage of these forces in her chemical processes. It 
is worthy of remark that Buchner (1898), by mixing a 40 per cent, solution of barium 
acetate with a 00 per cent, solution of sulphate of alumina, obtained a thick glutinous 
mass, which only gave a precipitate of Ba80 4 after being diluted with water, 

w Barium sulphate is sometimes converted into barium chloride in the following 
manner: finely-ground barium sulphate is heated with coal and manganese chloride 
(the residue from the manufacture of chlorine). The mass becomes semi-liquid, 
and when it evolves carbonic oxide tho heating is stopped. Tho following double decom¬ 
positions proceed during this operation: first tho carbon takes up the oxygon from the 
barium sulphate, and given sulphide, BaS, which enters into double decomposition with 
the chloride of manganese, MnOlj, forming manganese sulphide, MnS, which is insoluble 
In water, and soluble barium chloride, This solution is easily obtained pur® because 
many foreign impurities, such as iron, remain in the insoluble portion with the man¬ 
ganese. The solution of barium chloride is chiefly used for the preparation of barium 
sulphate, which is precipitated by sulphuric acid, by which moans bariwn ndphate is 
re-formed as a powder. This salt is characterised by the fact that It is snooted on by 
the majority of chemical reagents, is Insoluble in water, and is not dissolved by acids. 
Owing to this, artificial barium sulphate forms a permanent white paint which is used 
instead of (and mixed with) white lead, and has been termed 4 Mono flx6 ’ or ‘ permanent 
white. 

The solution of one part of calcium chloride at 20° requires TSO part of water, tho 
solution of one part of strontium chloride requires T$8 part of water at the same tem¬ 
peratures and tho solution of barium chloride S'SB parts of water. The solubility of tho 
bromides amModidee varies in the some proportion. Tho cTUorldos of barium and stron¬ 
tium crystallise out from solution with groat ease In combination with water; they form 
B&Cl a ,2H a O and SrCl a ,6H 3 0. The latter (which separates out at 40°) resembles tho 
salts of Oa and Mg in composition, and fitard (1892) obtained SrOl^ftHpO f*ora solutions 
at 00-180’. We may also observe that tho crystallo-hydrates BaB%BfO and BaXg,7Hj)0 
are known, 

6i The nitrates Sr(N0 8 )a (in the cold Its solutions give a crystallo-hydrate containing 
4 H s O) and Ba(N0 3 ) a are no very sparingly soluble in water that they separate in consider¬ 
able quantities when a sedation of sodium nitrate is added to a strong solution of either 



616 


PRINCIPLES OF CHEMISTRY 


carbonate a precipitate of barium carbonate, BaC0 3 . Both these salta 
are able to give barium oxide> or baryta , BaO, and the hydroxide, 
Ba(HO) 2 , which differs from lime by its great solubility in water, 55 
and by the ease with which it forms a crystallo-hydrate, BaH 2 0 2 ,8H 2 0, 
from its solutions. Owing to its solubility, baryta is frequently 
employed in manufactures and in practical chemistry as an alkali 
which has the very important property that it may be always entirely 
removed from solution by the addition of sulphuric acid, which entirely 
separates it as the insoluble barium sulphate, BaS0 4 . It may also be 
removed whilst it remains in an alkaline state (for example, the 
excess which may remain when it is used for saturating acids) by 
means of carbonic anhydride, which also completely precipitates baryta 
as a sparingly soluble, colourless, and powdery carbonate. Both these 
reactions show that baryta has such properties as would very greatly 
extend its use were its compounds as widely distributed as those of 
sodium and calcium, and were its soluble compounds not poisonous. 
Barium nitrate is directly decomposed by the action of heat, barium 
oxide being left behind. The same takes place with barium car¬ 
bonate, especially that form of it precipitated from solutions, and 
when mixed with charcoal or ignited in an atmosphere of steam. 
Barium oxide combines with water with the development of a large 
amount of heat, and the resultant hydroxide is very stable in its reten¬ 
tion of the water, although it parts with it when strongly ignited. 55bl8 
With oxygen the anhydrous oxide gives, as already mentioned in 

barium or strontium chloride. They are obtained by the action of nitric acid on the carbon¬ 
ates or oxides. 1Q0 parts of water at 15° dissolve. 6*5 parts of strontium nitrate and 8'2 
parts of barium nitrate, whilst more than 800 parts of calcium nitrate are soluble at the 
same temperature. Strontium nitrate communicates a crimson coloration to the flame of 
burning substances, and is therefore frequently used for Bengal fire* fireworks, and signal 
lights, for which purpose the salts of lithium are still better fitted. Calcium nitrate is 
exceedingly hygroscopic. Barium nitrate, on the contrary, does not show this property 
in the least degree, and in this respect it resembles potassium nitrate, and is therefore 
used instead of the latter for the preparation of a gunpowder which is called * saxifragin 
powder 1 (76 parts of barium nitrate, 2 parts of nitre, and 22 parts of charcoal). 

55 The dissociation of the crystallo-hydrate of baryta is given in Chapter L, Note 66. 
100 parts of water dissolve 
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Supersaturated solutions are easily formed. 

The anhydrous oxide.BaO fuses in the oxyhydrogen flame. When ignited in the 
vapoUr of potassium, the latter takes up the oxygen; whilst in chlorine, oxygen is sepa¬ 
rated and barium chloride formed, 

55 Brugellmann, by heating BaHjOg in a graphite or clay crucible, obtained BaO 
In needles, sp. gr. 5*82, and by heating in a platinum crucible—-in crystals belonging to 
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Chapters III. and IV., a peroxide, BaO a . M Neither calcium nor 
strontium oxides are able to give such a peroxide directly, but they 
form peroxides under the action of hydrogen peroxide. 

Barium oxide is decomposed when heated with potassium; fused 
barium chloride is decomposed, as Davy showed, by the action of a 
galvanic current, forming metallic barium ; and Crookes (1862) obtained 
an amalgam of barium from which the mercury could easily bo driven 
off, by heating sodium amalgam in a saturated solution of barium 
chloride. Strontium is obtained by the same processes. Both metals 
are soluble in mercury, and seem to be non-volatile or only very slightly 
volatile. They are both heavier than water; the specific gravity 
of barium is 3*6, and of strontium 2*5. They both decompose water at 
the ordinary temperature, like the metals of the alkalis. 

Barium and strontium as saline elements are characterised by theit 
powerful basic properties, so that they form acid salts with difficulty, 
and scarcely form basic salts. On comparing them together and with 
calcium, it is evident that the alkaline properties in this group (as in 
the group potassium, rubidium, cesium) increase with the atomic 
weight, and this succession clearly shows itself in many of their corre¬ 
sponding compounds. Thus, for instance, the solubility of the 
hydroxides and the specific gravity 57 rise in passing from 

calcium to strontium and barium, while the solubility of the sulphates 

the cubioal system, §p. gr. 8*74. SrO is obtained in the latter form from the nitrate* 
The following ore the specific gravities of the oxides from different sources 
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66 The property of barium oxide of absorbing oxygon when heated, and giving the 
peroxide, Ba0 3 , is very characteristic for this oxide (see Chapter III., Note 7). It only 
belongs to the anhydrous oxide. The hydroxide does not absorb oxygen. Peroxides of 
calcium and strontium may be obtained by means of hydrogen peroxide. Barium per¬ 
oxide is insoluble in water, but is able to form a hydrate with it, and also to combine 
with hydrogen peroxide, forming a very unstable compound having the composition. 
BaH 8 0 4 (obtained by Professor Schiine), which in course of time evolves oxygon (Chap¬ 
ter IV., Note 21). 

67 Even in solutions a gradual progression in the increase of the specific gravity showp. 
itself, not only for equivalent solutions (for instance, ECla+ftOOH^O), but even with an 
equal percentage composition, as Is seen from the curves giving the specido gravity 
(water 4°»10,000) at 10 ° (for barium chloride, according to Beurdiskoffs detemuno* 
tkms)x 

BeCi* ; S - 0,092+67'21p + 0 *Ulp* 

CaCU; 8 - 9,902+80'24p + 0’476p* 

SrCb : S^m+wmp + Q'm#* 

BaClg: 8 « 9*992+86‘50p + 0-81V 
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decreases, 58 and therefore in the case of magnesium and beryllium, as 
metals whose atomic weights are still less, we should expect the solu¬ 
bility of the sulphates to be greater, and this is in reality the case. 

Just as in the series of the alkali metals we saw the metals potas¬ 
sium, rubidium, and caesium approaching near to each other in their 
properties, and allied to them two metals having smaller combining 
weights—namely, sodium, and the lightest of all, lithium, which all 
exhibited certain peculiar characteristic properties—so also in the case 
of the metals of the alkaline earths we find, besides calcium, barium, 
and strontium, the metal magnesium and also beryllium or glucinum . 
In respect to the magnitude of its atomic weight, this last occupies the 
same position in the series of the metals of the alkaline-earths as lithium 
does in the series of the alkali metals, for the combining weight of 
beryllium, Be or Gl=9. This combining weight is greater than that 
of lithium (7), as the combining weight of magnesium • (24) is greater 
than that of sodium (23), and as that of calcium (40) is greater than 
that of potassium (39), &C. 58 Beryllium was so named because it occurs 
in thi mineral beryl. The metal is also called glucinum (from the 
Greek word yXiiws, ‘sweety, because its salts have a sweet taste. It 
occurs in beryl, aquamarine, the emerald, and other minerals, which 
are generally of a green colour; they are sometimes found in consider¬ 
able masses, but as a rule are comparatively rare and, as transparent 
crystals, form precious stones. The composition of beryl and of the 
emerald is as follows: Al 2 0 3 ,3Be0,6Si0 2 . The Siberian and Brazilian 
beryls are the best known. The specific gravity of beryl is about 2*7. 
Beryllium oxide, from the feebleness of its basic properties, presents 

68 One part of calcium sulphate at the ordinary temperature requires about 500 parts 
of water for solution, strontium sulphate about 7,000 parts, barium sulphate.about 400,000 
parts, whilst beryllium sulphate is easily soluble in water. 

59 We refer beryllium to the class of the bivalent metals of the alkaline earths—that 
Is, we ascribe to its oxide the formula BeO, and do not consider it as trivalent (Be=18*5, 
Chapter VH», Note 21), although that view has been upheld by many chemists. The true 
atomic composition of beryllium oxide was first given by the Russian ehemist, Avddefi 
(1812), in his researches on the compounds of this metal. He compared the compounds of 
beryllium to those of magnesium, and refuted the notion prevalent at the time, of the 
resemblance between the oxides of beryllium and aluminium, by proving that beryllium 
sulphate presents a greater resemblanoe to magnesium sulphate than to aluminium 
Sulphate. It was especially noticed that the analogues of alumina give alums, whilst 
beryllium oxide, although it is a feeble base, easily giving, like magnesia, basic and 
double salts, does not form true alums. The establishment of the periodic system of the 
elements (1882), considered In the following chapter, immediately indicated thftt 
Avd&ffs view corresponded with the truth—that is, that beryllium is bivalent, 
which therefore necessitated the denial of its trivalency. This scientific controversy, 
resulted in a long series of researches (1870-80) concerning this element, and ended in 
Nilson and Pettersson—two of the chief advocates.of the trivalency of beryllium—deter* 
taming the vapour density of Be% (<*40, Chapter VII, Note 21), which gave m 
undoubted proof of its bivalency tm also Note 8). 
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an analogy to aluminium oxide in the same way that lithium oxide is 
analogous to magnesium oxide. 60 Owing to its rare occurrence in nature, 
to tho absence of any especially distinct individual properties, and to 
the possibility of foretelling thorn to a certain extent on the basis of the 
periodic system of tho elements given in the following chapter, and 
owing to tho brevity of this treatise, wo will not discuss at any length 
tho compounds of beryllium, and will only observe that their 
individuality was pointed out in 1798 by ’Vauquelin, and that 
metallic beryllium was obtained by Wohler and Bussy. Wohler 
obtained metallic beryllium (like magnesium) by acting on beryllium 
chloride, B 0 CI 2 , with potassium (it is best prepared by fusing 
K 2 B 0 F 4 with Na). Metallic beryllium has a specific gravity 1*64 
(Nilson and Pettersson). It is very infusible, melting at nearly 
tho same temperature as silver, which it resembles in its white 
colour and lustre. It is characterised by the fact that it is very diffi¬ 
cultly oxidised, and even in the oxidising flame of the blowpipe is only 
superficially covered by a coating of oxide; it does not bum in pure 
oxygen, and does not decompose water at the ordinary temperature or 

40 Beryllium oxido, like aluminium oxide, is precipitated from solutions of its salts 
by alkalis as a gelatinous hydroxide, BeHjOa, which, like alumina, is soluble in an excess 
of caustic potash or soda. This reaction may be taken advantage of for distinguishing 
and separating beryllium from aluminium, because when the alkaline solutionis diluted 
with water and boiled, beryllium hydroxide is precipitated, whilst the alumina remains 
in solution. The solubility of the beryllium oxide at onco clearly indicates its feeble 
basic properties, and, as it wore, separates this oxido from tho olass of the alkaline earths. 
But on arranging tho oxides of tine above-described metals of tho alkaline earths accord¬ 
ing to their decreasing atomio weights we kavo the Berios 

BaO, BrO, CaO, MgO, BeO, 

In which the basic properties and solubility of the oxides consecutively and distinctly 
decrease until wo roach a point when, had we not known of the existence of the beryllium 
oxide, we should expect to find in its place an oxide insoluble in water and of feeble basio 
properties. If an alcoholic solution of caustic potash b© saturated with the hydrate of 
BeO, and evaporated under the receiver of an air pump, it forms silky crystals BeK a Oj. 

Another characteristic of tho salts of beryllium is that they give with aqueous am- 
monia a gelatinous precipitate which is soluble in an excess of ammonium carbonate 
like the precipitate of magnesia; in this beryllium oxide differs from the oxide of 
aluminium. Beryllium-oxide easily forms a carbonate which is insoluble in water, and 
resembles magnesium carbonate in many respects. Beryllium sulphate is distinguished 
by its considerable solubility in water—thus, at the ordinary temperature it dissolves 
In an equal weight of water; it crystallises out from its solutions in well-formed crystals, 
which do not change in the air, and contain BeSO^HgO. When ignited it leaves 
beryllium oxide, but this oxide, after prolonged ignition, is re-dissolved by sulphuric acid, 
whilst aluminium sulphate, after a similar treatment, leaves aluminium oxide, which is 
no longer soluble in acids. With a few exceptions, the salbs of beryllium crystallise with 
great difficulty, and to a considerable extent resemble the salts of magnesium; thus, for 
Instance, beryllium chloride is analogous to magnesium chloride. It is volatile in an 
anhydrous state, and in a hydrated state it decomposes, with the evolution of hydro* 
<«hlorio add. 
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at a red heat, but gaseous hydrochloric acid is decomposed by it when 
slightly heated, with evolution of hydrogen and development of a con¬ 
siderable amount of heat. Even dilute hydrochloric acid acts in the 
same manner at the ordinary temperature. Beryllium also acts easily 
on sulphuric acid, but it is remarkable that neither dilute nor strong 
nitric acid acts on beryllium, which seems especially able to resist 
oxidising agents. Potassium hydroxide acts on beryllium as on 
aluminium, hydrogen being disengaged and the metal dissolved, but 
ammonia has no action on it. These properties of metallic beryllium 
seem to isolate it from the series of the other metals described in this 
chapter, but if we compare the properties of calcium, magnesium, and 
beryllium we shall see that magnesium occupies a position intermediate 
between the other two. Whilst calcium decomposes water with great 
ease, magnesium does so with difficulty, and beryllium not at all. The 
peculiarities of beryllium among the metals of the alkaline earths recall 
the fact that in the series of the halogens we saw that fluorine differed 
from the other halogens in many of its properties and had the smallest 
atomic weight. The same is the case with regard to beryllium among 
the other metals of the alkaline earths. 

In addition to the above characteristics of the compounds of *the 
metals of the alkaline earths, we must add that they, like the 
alkali metals, combine with nitrogen and hydrogen, and while sodium 
nitride (obtained by igniting the amide of sodium, Chapter XII., 
Note 44bis) and lithium nitride (obtainedby heating lithium in nitrogen, 
Chapter XIII., Note 39) have the composition. R 3 N, so the nitrides 
of magnesium (Note 14), calcium, strontium, and barium, have the 
composition R 3 N 2 , for example, Ba 3 N 2 , as might be expected from the 
diatomicity of the metals of the alkaline earths and from the relation of 
the nitrides to ammonia, which is obtained from all of these compounds 
by the action of water. The nitrides of Ca, Sr, and Ba are formed 
directly (Maquenne, 1892) by heating the metals in nitrogen. They all 
have the appearance of an amorphous powder of dark colour ; as 
regards their reactions, it is known that besides disengaging ammonia 
with water, they form cyanides when heated with carbonic oxide; for 
instance, Ba 3 N 2 + 2CO Ba(CN) 2 4- 2Ba0. 61 

The metals of the alkaline earths, just like Na and K, absorb 
hydrogen under certain conditions, and form pulverulent easily oxidis- 
able metallic hydrides, whose composition corresponds exactly to that 
of Na 2 H and K 2 H, with the substitution of X 2 and Na 2 by the atoms 

61 Thus in the nitrides of the metals we have substances by means of which we can 
easily obtain from the nitrogen of the air, not only ammonia, but also with the aid of 
CO, by synthesis, a whole series of complex carbon and nitrogen compounds. 
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Be, Mg, Ca, Sr, and Ba. The hydrides of the metals of the alkaline 
earths were discovered by 0. Winkler (1891) in investigating the 
reducibility of these metals by magnesium. In reducing their oxides 
by heating them with magnesium powder in a stream of hydrogen* 
Winkler observed that the hydrogen was absorbed (but very slowly), i,e. 
at the moment of their separation all the metals of the alkaline earths 
combine with hydrogen. This absorptive power increases in passing 
from Be to Mg, Ca, Sr, and Ba, and the resultant hydrides retain the 
combined hydrogen 62 when heated, so that these hydrides are distin¬ 
guished for their considerable stability under heat, but they oxidise 
very easily. 63 

Thus the analogies and correlation of the metals of these two groups 
are now clearly marked, not only in their behaviour towards oxygen, 
chlorine, acids, &c., but also in their capability of combining with 
nitrogen and hydrogen. 

63 As the hydrides of calcium., magnesium, &o. are very stable under the action of 
heat, and these metals and hydrogen occur In the sun, it is likely that the formation of 
their hydrides may take place there. (Private communication from Prof. Winkler, 1804.) 
It is probable that in the free metals of the alkaline earths hitherto obtained a portion 
was frequently in combination with nitrogen and hydrogen. 

63 Thus, for instance, a mixture of 56 parts of CaO and 24 parts of magnesium powder 
is heated in an iron pipe (placed over a row of gas burners as in the combustion furnace 
used for organic analysis) in a stream of hydrogen. After being heated for | hour the 
mixture is found to absorb hydrogen (it no longer passes over the mixture, but is retained 
by it). The product, which is light grey, and slightly coherent, disengages a mass of 
hydrogen when water is poured over it, and bums when heated in air. The resultant 
mass contains 88 per cent. CaH, about 28 per cent. CaO, and about 38 per cent. MgO. 
Neither CaH nor any other MH has yet been obtained in a pure state. _ 

The acetylene derivatives of the metals of the alkaline earths C 2 M (Chapter VHL, 
Note 12 bis), for instance, C 2 Ba, obtained by Maquenne and Moissan, belong to the same 
class of analogous compounds. It must here be remarked that the oxides MO of the 
metals of the alkaline earths, although not reducible by carbon at a furnace heat, yet 
under the action of the heat attained in electrical furnaces, not only give up their oxygen 
to carbon (probably partly owing to the action of the current), but also combine with car* 
bon. The resultant compounds, C 2 M, evolve acetylene, C 2 H 2 , with HC1, just as N 2 M S 
give ammonia. We may remark moreover that the series of compounds of the metals of 
the alkaline earths with hydrogen, nitrogen and carbon is a discovery of recent years, and 
that probably further research will give rise to similar unexpected compounds, and by 
extending our knowledge of their reactions prove to be of great interest. 



